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INTRODUCTION 


General  Information 

Waco  is  located  on  the  Brazos  River  near  the  center  of  McLennan  County,, 
Texas  at  Jl0  35  s  north  latitude  and  97°  9 5  west  longitude  (figure  1)© 
It  has  an  average  annual  rainfall  of  35°OU  inches  9  an  average  frost- 
free  season  of  about  265  daysa  and  a  mean  annual  temperature  of  approx- 
imately 68° o    The  surrounding  area  lies  chiefly  within  the  Black  Prairie 
and  Grand  Prairie  belts  which  together  comprise  the  most  productive 
agricultural  area  in  Texas ©    Cotton  production^  once  the  overwhelming- 
ly predominant  agricultural  enterprise  of  the  areas  has  been  somewhat 
reduced  in  favor  of  a  more  diversified  and  better  balanced  agriculture 0 
Waco  is  located  on  the  main  north-south  highways  and  railroads  connect^ 
ing  Dallas  and  Fort  Worth  and  the  north  Texas  region  with  Austin^  San 
Antonio,,  and  the  Gulf  Coasto 

Thus  situated „  the  city  of  Waco  is  the  marketing  and  distribution 
center  for  a  large  and  productive  agricultural  areas  it  is  a  natural 
site  for  industries  related  to  the  local  products  %  and  the  topography s 
climate  and  resources  are  favorable  to  growth  of  a  large  metropolitan 
center  © 

Census  records  show  that  the  population  of  Waco  increased  from  158000 
in  1890  to  27.000  in  1910,,  to  53,000  in  1930*  56,000  in  19U0£  and 
8U,300  in  1950 «     The  population  of  the  metropolitan  areas  including 
suburbs s  on  January  le  19U8  was  estimated  at  100s000  by  Chamber  of 
Commerce  and  Water  Department  officials ©    The  more  rapid  growth  since 
I9I4.O  has  been  due  partly  to  the  establishment  of  new  industries  such 
as  the  enlarged  Texas  Textile  Mill8  the  General  Tire  and  Rubber  Company 
Plant ,  the  Owens "Illinois  Glass  Planta  and  the  large  Veterans  Hospitalo 

The  first  municipal  water  supply  for  Waco  was  provided  by  two  private 
companies  formed  in  1872  and  1899  respectively e    The  facilities  of  the 
two  companies  were  consolidated  under  city  ownership  in  I90I4.0  Until 
1930 8  when  Lake  Waco  was  built „  the  system  depended  upon  two  sources 
of  supply;     (l)  a  group  of  four  deep  wells  having  an  average  depth  of 
1*975  feet  and  producing  water  from  the  basal  sands  of  the  Trinity  group s 
and  (2)  Brazos  River  water©    The  increasing  water  consumption^  caused 
by  rapid  growth  of  population  and  industry  from  1920  to  1930s  resulted 
in  substantial  reduction  in  water  levels  in  the  wells 9  while  the  river 
flow  during  the  dry  seasons  was  scanty  and  highly  charged  with  dissolved 
salts  0 

This  experience  has  been  common  to  a  number  of  the  larger  cities  of 
Texas  such  as  Dallas,  Fort  Worth  and  Austin,  where  increasingly  heavy 
draft  caused  depletion  of  groundwater  supplies ,  and  local  stream  flow 
was  too  erratic  for  a  reliable  supply©    Large  surface  water  reservoirs 
consequently  have  become  increasingly  important  in  supplying  the  progress- 
ively larger  water  requirements  of  most  of  the  rapidly  growing  centers 
of  population  of  the  Southwestern  Gulf  Region  a 
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When  Lake  Waco  -was  built  on  the  Bosque  River  in  1930,  it  replaced  all 
other  sources  of  "water  for  the  municipal  systems    Since  the  dam  was  com- 
pleted, the  rate  of  water  consumption  has  increased  along  with  the  growth 
of  population  and  industry.     The  amount  of  filtered  water  pumped  annually 
by  the  city  filter  plant  has  increased  from  1,469,000,000  gallons  in  1931, 
to  1,712,000,000  gallons  in  1936,  to  2,447,000,000  gallons  in  1944,  and 
nearly  3  billion  gallons  in  1950,    The  present  critical  water  supply  situa- 
tion at  Waco  is  due  to  the  high  rate  of  capacity  loss  in  the  reservoir*  which 
is  causing  rapid  decrease  in  storage  capacity,  and  to  the  rapidly  rising 
water  demand  in  the  citys 

This  report  is  based  upon  the  results  of  three  detailed  surveys  of  sedimenta- 
tion in  Lake  Waco,  made  in  1935,  1936  and  1947  respectively,,     The  1935  and 
1936  surveys  were  part  of  a  comprehensive  research  study  of  sedimentation  in 
reservoirs  of  the  United  States  by  the  Sedimentation  Section  of  the  Soil 
Conservation  Service  (4) 0    Early  in  1935,  within  five  years  after  construction 
of  the  dam,  Waco  Water  Department  personnel  had  noted  considerable  deposits 
of  sediment  in  the  headwaters  of  the  lake  and  high  turbidity  of  water 
passing  the  dam  following  storms.    Therefore  the  first  survey  of  Lake  Waco 
was  made  to  examine  the  effect  of  sedimentation  upon  the  city  water  supply, 
and  to  obtain  data  on  sediment  production  rates  in  a  typical  central  Texas 
area.    This  survey,  made  in  the  period  January-March  of  1935,  showed  that 
the  lake  had  lost  capacity  by  sedimentation  at  the  high  average  annual  rate 
of  3.34  percent*    During  the  latter  part  of  1935  a  number  of  floods  occurred 
in  the  Bosque  River,  and  the  city*  concerned  at  the  high  rate  of  capacity 
loss,  requested  a  second  survey  which  was  made  in  January-February  1936c 
This  survey  showed  that  5,4  percent  of  the  reservoir  capacity  had  been 
replaced  by  sediment  during  the  11-month  period  since  the  first  survey.  The 
third  survey  was  made  in  November  and  December  of  1947  at  the  request  of 
the  city  and  in  conjunction  with  the  United  States  Department  of  Agriculture 
Flood  Control  Survey  of  the  Bosque  River  Basin.     It  was  made  by  a  combined 
6 -man  survey  party  of  Soil  Conservation  Service  and  city  of  Waco  personnel* 
and  headed  by  Ross  S.  Rogers,, 

This  report  does  not  include  a  study  of  the  water  filtration  and  distribu- 
tion systems 

Objectives  of  this  Investigation 

The  major  objectives  of  this  investigation  were  as  follows s 

1.  To  evaluate  the  present  rate  of  sediment  contribution  per  unit  area 
of  drainage  and  to  compare  it  with  past  rates „    This  comparison  might 
be  expected  to  show  the  effects  of  soil  conservation  measures  which 
have  been  applied  to  a  considerable  part  of  the  drainage  area  during 
the  past  10  years a 

2.  To  provide  a  basis  for  estimating  the  long-time  effects  of  a  drainage 
area  treatment  program  in  prolonging  the  useful  life  of  Lake  Waco 
and  similar  reservoirs* 
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3„    To  determine  the  present  capacity  of  Lake  77aco  and  the  probable 
long  term  average  annual  loss  of  capacity  by  sedimentations 

4.    To  forecast  the  date  when  the  increase  in  water  demand  by  the 
city  and  the  decrease  in  reservoir  capacity  by  sedimentation 
will  require  an  additional  impounded  water  supply* 

RESERVOIR  AND  DRAINAGE  AREA  STUDIES 

In  addition  to  the  reservoir  surveys  by  the  Soil  Conservation  Service,  a 
number  of  other  investigations  of  the  Brazos  River  drainage  area  and 
studies  of  sites  for  other  reservoirs  have  been  made  by  various  agencies. 
A  reconnaissance  erosion  survey  of  the  entire  Brazos  River  Basin,  including 
the  Bosque  River  area  was  made  by  Geib  and  Goddard  in  1933  (5)e  The 
geology  and  mineral  resources  of  McLennan  County  were  mapped  and  described 
by  Adkins  in  1923  (l).    Most  of  the  data  on  soils$  erosion,  and  hydrology 
for  this  report  were  derived  from  surveys  made  by  the  Soil  Conservation 
Service  for  a  Flood  Control  Report  on  the  Bosque  River  Basin  in  1947  (2). 
Other  sources  of  data  are  publications  and  file  material  of  the  Texas  Board 
of  Water  Engineers,  the  U.  Sc  Geological  Survey  and  the  Corps  of  Engineers, 
Department  of  the  Army* 
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LAKE  WACO  DAM  AND  RESERVOIR 


The  Dam 

Lake  Waco  dam  is  on  the  Bosque  River,  4.2  valley  miles  above  its  junction 
with  the  Brazos  River  in  McLennan  County,  Texas  (figure  4)e    It  is  located 
4-1/2  miles  west  of  the  Waco  Municipal  Buildings    An  asphalt  road  provides 
all-weather  access  to  the  dam  from  Waco  and  extends  across  the  length  of  the 
dam.    Construction  of  the  dam  was  completed  and  storage  began  in  April,  1930o 
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The  dam  is  of  earth-fill  type,  constructed  of  the  most  suitable  clays 
of  the  Eagle  Fcrd  formation  from  the  adjoining  valley  bottom  and  slopes. 
It  is  approximately  li,  700  feet  long.    The  upstream  slope  of  the  dam  is 
faced  with  6  inches  of  concrete  underlain  by  a  6-inch  gravel  blanket. 
The  upstream  slope  of  the  dam  from  the  base  to  spillway  crest,  elevation 
U30.0  feet,  is  3  to  1  and  from  elevation  i±30o0  to  UiO.O  it  is  2<,5  to  1„  A 
slope  of  1,5  to  1  extends  from  elevation  U4O0O  to  the  asphalt  road  on  top 
of  the  dam  at  elevation  U+2o0„    From  the  base  of  the  dam  on  the  downstream 
side,  the  slope  is  3:1  up  to  an  8 -foot  berm  designed  for  draining  the  2:1 
slope  above.    Thickness  of  the  dam  at  its  base  varies  with  the  topography,, 

The  Spillway 

The  spillway  section  is  constructed  of  concrete  with  vertical  concrete 
wingwalls  at  each  ende    It  has  a  concrete  apron  at  the  downstream  toe 
which  is  57  feet  below  crest  elevation*    Flow  through  the  spillway  is 
controlled  by  16  Tain  tor  gates  each  25  feet  wide,  and  15  feet  high*  The 
gates  are  separated  by  concrete  piers  3  feet  wide.    Elevation  of  the  gate 
sills  is  Ijl5o0  feeto    The  tops  of  the  gates  are  i00o0  feet  elevation  when 
close  do 

Two  concrete  sluice  outlets  pass  through  the  spillway  at  bottom  elevations 
of  382.6c    Each  outlet  is  6.0  feet  wide  with  vertical  walls  7.25  feet  high 
and  an  arched  roof  affording  an  additional  le5  foot  vertical  clearance.  The 
outlets  are  equipped  with  metal  gates  set  in  vertical  guides  for  opening  and 
closing o    They  were  built  for  the  purpose  of  sluicing  silt  out  of  the  lake 
but  have  not  been  used  for  several  years  because  of  difficulty  in  getting 
them  completely  closed  after  openings 

The  total  original  cost  of  the  dam  and  land  acquired  for  the  lake  was 
approximately  $2,000,000.    Water  flowing  through  the  spillway  undermined  the 
concrete  apron  at  the  spillway  base  and  eroded  a  cavity  in  the  soft  under- 
lying Eagle  Ford  shale  which  endangered  the  entire  spillway  section  by  19U6. 
Repairs,  consisting  of  filling  in  the  undermined  section,  extending  the  apron 
and  constructing  a  vertical  concrete  footing  at  the  end  of  the  apron,  cost 
approximately  $525,000. 

The  Reservoir 

The  reservoir  immediately  upstream  from  the  dam  is  a  broad  basin  with 
gently  sloping  sides  and  nearly  flat  bottom  except  for  the  channels  (figures 
2  and  3).    It  has  an  area  of  about  1,200  acres,  nearly  half  of  the  total  lake 
area.    The  North  and  South  Bosque  River  channels  join  near  the  center  of  this 
basin  about  3*300  feet  upstream  from  the  dam0    Upstream  from  the  central  basin, 
the  reservoir  divides  into  two  main  arms  of  nearly  equal  area  formed  by  the 
valleys  of  the  North  and  South  Bosque  Rivers »    The  North  Bosque  arm  is  about 
6.6  miles  in  length  and  the  South  Bosque  arm  about  7o0  miles  in  length,, 
Neither  arm  has  been  shortened  by  sediment  deposits  at  its  head.    Each  arm 
has  an  upstream  ponded  channel  section  approximately  as  long  as  the  wide 
water  area  below  it  (figure  22), 


Fig.  3    Sediment  deposit  near  north  shore  of  South  Bosque  arm, 
Lake  Waco. 
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The  original  area  of  the  lake  as  measured  by  the  1936  survey  was  2,801 
acres  and  the  original  capacity  was  39,378  acre-feet.    The  maximum 
original  depth  of  water  measured  in  1936  was  U3o2  feet* 

Steep  bluffs  as  much  as  30  feet  in  height  form  the  shoreline  for 
short  distances  in  several  locations  on  each  arm  of  the  lake.    In  some 
areas  the  bases  of  moderately  steep  valley  slopes  approach  to  within  a 
few  hundred  feet  of  the  lake.    Along  the  remaining  shoreline,  long  slopes 
of  moderate  grade  extend  from  the  upland  down  to  the  lake  shore 0 

THE  DRAINAGE  AREA 

Physiography  and  Geology 

General  features.    The  Lake  tfaco  drainage  area  includes  parts  of 
McLennan,  Coryell,  Bosque,  Hamilton,  Somervell,  and  Erath  counties  in 
central  Texas  (figure  h) „    It  has  an  extreme  length  of  about  90  miles, 
an  average  width  of  approximately  20  miles,  and  is  roughly  rectangular 
in  shape.    The  Bosque  River  system  drains  a  total  area  of  1,676  square 
miles  (8)  nearly  all  of  which  (1,666  square  miles)  lies  upstream  from 
Lake  Waco  Dam.    The  main  stream  joins  the  Brazos  River  about  five  miles 
by  channel  in  an  easterly  direction  from  the  dam.    The  two  main  tributaries 
are  the  North  and  South  Bosque  Rivers  which  join  within  the  lake  areae 
The  two  major  tributaries  of  the  South  Bosque  River  are  Middle  Bosque 
River  and  Hog  Creek.    The  major  tributaries  of  the  North  Bosque  River, 
in  order  upstream,  are  Neil  Creek,  Meridian  Creek,  East  Bosque  River, 
Little  Duffau  Creek,  Greens  Creek,  Alarm  Creek,  and  the  North  Branch  of 
the  Bosque  River. 

Parts  of  two  major  physiographic  provinces,  the  Great  Plains  and  the 
Coastal  Plain,  are  drained  by  the  Bosque  River  and  tributaries.  Eleva- 
tions in  the  area  range  from  nearly  1,700  feet  above  sea  level  on  the 
outermost  rim  of  the  North  Bosque  drainage  in  northern  Erath  County 
to  about  380  feet  in  the  channel  at  the  junction  with  the  Brazos  River 
at  Waco.    The  North  Bosque  River  descends  from  an  elevation  of  1,200 
feet  near  Stephenville  to  about  hOO  feet  near  Waco  in  136  river  miles  at 
an  average  gradient  of  5.8  feet  per  mile.    Most  of  the  shorter  tributaries 
have  even  steeper  gradients.    A  moderate,  general  uplift  of  the  Edwards 
Plateau  and  Grand  Prairie  regions  in  relatively  recent  geologic  time  has 
caused  most  streams  of  the  area  to  incise  their  channels,  hence  erosion 
is  the  dominant  process.    The  drainage  pattern  is  generally  dendritic  and 
well  developed.    Rock  structures  are  relatively  simple,  and  all  formations 
have  gentle  prevailing  dips  in  a  southeasterly  direction* 

Southern  Great  Plains  Province 0    Approximately  9h  percent,  or  1,575 
square  miles,  of  the  Lake  Waco  drainage  area  lies  within  the  West  Cross 
Timbers  and  the  Grand  Frairie  belts  of  the  Southern  Great  Plains  Province 
(figure  h)0    An  area  of  233  square  miles,  or  1U  percent  of  the  total 
drainage,  is  in  the  West  Cross  Timbers  belt  in  Erath  County.    The  soils 
and  topography  of  this  area  were  developed  upon  the  surface  of  the  Travis 
Peak,  or  Basement  Sand  formation  of  the  Trinity  Group  of  Lower  Cretaceous 
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age  (table  1) «,    The  undulatory  land  surface  is  interrupted  in  numerous 
places  by  low  buttes  or  erosional  remnants  of  the  Glen  Rose  limestone 
around  which  the  local  relief  ranges  from  100  to  300  feetc    The  poorly 
consolidated  sand  and  its  overlying  soils  are  subject  to  rapid  destruction 
in  cultivated  areas  by  both  sheet  and  gully  erosion,,    The  West  Cross 
Timbers  is  a  major  source  of  sandy  sediment,  and  valleys  of  the  area  have 
suffered  substantial  damage  by  accelerated  Modern  deposition.,    It  is  not 
a  major  source  of  Lake  Waco  sediment,  however,  because  of  its  distance  from 
the  reservoir  and  the  relatively  coarse  texture  of  the  eroded  sediments 

Table  1  -  Stratigraphic  table  of 
rock  formations  in  the  Lake  Waco  drainage  area 


:  :  t  :  Approximate 

Age  ;  Group         ^Formation  ;  Lithology  ; thickness 


Quaternary 


Alluvial      Clays,  silts ,  sands 
and  gravels  in  flood 
plains  and  terraces 


0-70 


UPPER 
CRETA- 
CEOUS 


Austin 

Eagle 
Ford 


Chalk ,  marl,  and 
argillaceous  limestone  l\2$ 
gray  to  blackj" 
and 


snaies. 

Eagle  thin  limestones 

Ford  bentonite  125-17$ 

Buda-  Clay  with  thin  lime- 

Del  Rio       stone  beds 


Washita 


LOWER 
CRETACEOUS 


George- 
town 


Alternating  limestone, 
marl,  shale  and  clay 
beds 


Edwards 
Fredericks-  Comanche 
burg  Peak 

Walnut 

Paluxy 


Sand  with  thin  shale 
and  limestone  beds 


7$ 


235 


Medium  to  hard  white 
limestone  50  -  1Q0 

Limestone  with  marly 
and  chalky  beds  hO  -  80 

Clays,  marls  and  thin 
shell-lime  stone  beds        100  -  180 


Trinity 


Limestone  with  soft 
Glen  Rose    marly  and  sandy  beds 


10  -  30 


50 


Travis  Peak  Basal  conglomerate  over- 
(Basement    lain  by  sands 
Sands)   


200  -  250 


Sources:    Texas  Bureau  of  Economic  Geology  and  U„SoGeS0 
tions0 


maps  and  public a° 
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The  greater  part  of  the  drainage  area  (81  percent)  lies  within  the  Grand 
Prairie  beltc    The  North  Bosque  River  and  its  tributaries  enter  the  Grand 
Prairie  near  the  south  line  of  Erath  County,  flow  entirely  across  it,  and 
enter  the  Gulf  Coastal  Plain  about  five  miles  northwest  of  Wacot    All  rock 
formations  at  and  near  the  surface  are  predominantly  flat-lying  or  gently- 
dipping  beds  of  limestone  and  shale  of  the  Fredericksburg  and  Washita 
groups  of  Lower  Cretaceous  age,  and  the  Glen  Rose  limestone  of  the  Trinity 
group  (table  1) « 

The  western  half  of  the  Grand  Prairie,  in  northern  Bosque,  eastern  Hamilton 
and  southern  Somervell  counties,  corresponds  roughly  to  the  outcrop  area 
of  the  Fredericksburg  group,  and  has  some  characteristics  of  a  plateau9 
It  has  a  local  relief  of  300  to  k00  feet,  especially  in  northern  Bosque 
County,  where  buttes  and  flat-topped  divides,  bordered  by  limestone  cliffs, 
are  scenic  feature s*    The  valleys  are  deep  and  narrow  in  many  places,  and 
the  channels  display  extensive  limestone  outcrops  in  beds  and  banks0 
This  is  the  northern  extension  of  the  Lampasas  Cut  Plain,  which  is  even 
more  conspicuously  developed  southward  in  the  Little  River  Basinc  The 
eastern  part  of  the  Grand  Prairie  in  McLennan  and  southern  Bosque  counties 
is  lower  and  more  gently  sloping,  and  the  local  relief  rarely  exceeds  200 
feeto 

Erosicn  rates  in  the  Grand  Prairie  are  generally  lower  than  in  the  West 
Cross  Timbers  and  Black  Prairie  belts „    In  the  Lampasas  Cut  Plain  the 
steepest  slopes  are  rocky  bluffs,  bottomlands  and  uplands  are  relatively 
flat,  and  most  of  the  land  is  used  for  pasture „    The  sediment  carried  by 
runoff  waters  is  chiefly  silt  and  clay  derived  by  sheet  erosion  plus  lime- 
stone gravel  from  channel  erosion0    Gully  development  is  limited  in  most 
places  by  resistant  underlying  limestone  formations,    In  the  eastern  part 
of  the  Grand  Irairie  much  larger  quantities  of  silt  and  clay  are  carried 
by  runof-f  waters  from  extensive  cultivated  areas  of  the  dark  clay  soils „ 
The  Del  rtio  formation,  a  calcareous  clay,  occurring  at  the  surface  in  north 
central  McLennan  County  has  soils  similar  to  those  of  some  Black  Prairie 
areaso 

West  Gulf  Coastal  Plain  Province.    The  Black  Prairie  is  the  only  division 
of  the  West  Gulf  Coastal  Plain  which  occurs  in  the  Lake  Waco  drainage  area* 
It  occupies  about  four  percent  of  the  Bosque  River  Basin  in  a  narrow  belt 
along  the  southeast  margin*    The  northern  part  of  the  belt  is  underlain 
by  the  Eagle  Ford  shale,  which  has  some  thin  limestone  and  shell  beds5 
and  the  southern  part  is  underlain  by  the  Austin  chalkc    The  edge  of  the 
Austin  formation  forms  a  prominent  bluff  or  cuesta,  facing  northwesterly, 
extending  to  the  southwest  from  the  Brazos  River  Valley  along  the  south 
shore  of  lake  Waco  and  beyond  the  South  Bosque  River  headwaters  e    Bo  til 
gully  and  sheet  erosion  have  developed  seriously  in  the  black  clay  soils 
of  the  sloping  cultivated  areas  along  the  Bosque  Escarpment  a  Consequently 
large  volumes  of  clay  and  silt  are  carried  by  streams  from  this  source 
into  Laxe  Waco* 
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Soils  and  Erosion 

Because  of  their  great  extent ,  the  soils  of  the  Grand  Prairie  are  predomi- 
nant in  the  Bosque  River  Basin,    They  are  chiefly  brown  or  black  clays 
developed  upon  limestone  or  calcareous  clay„    In  the  northwestern  half  of 
the  Grand  Prairie  (Lampasas  Cut  Plain)  the  upland  soils  are  mostly  thin 
and  rocky,  and  many  of  the  steeper  bluff  faces  have  practically  no  soil 
mantle e    In  the  southeastern  half,  the  soils  are  thicker  and  more  mature, 
and  hence  are  more  suitable  for  cultivation,. 


The  soils  of  the  West  Cross  Timbers  have  more  variety,  but  loose  sandy 
topsoils  predominate e    Subsoils  in  most  places  have  a  sandy  clay  texture, 
and  are  relatively  infertile e    Erosion  by  both  water  and  wind  has  caused 
severe  damage  to  large  areas  of  unprotected  cultivated  land  in  this  section. 

The  soils  of  the  Black  Prairie  surround  Lake  Waco  and  extend  upstream  in 
a  narrow  belt  along  the  south  margin  of  the  South  Bosque  drainage „  The 
soils  are  chiefly  black  clays,  and  their  high  original  fertility  has 
resulted  in  extensive  cultivation  on  many  of  the  steeper  slopes  as  well 
as  on  flatter  areas c 


A  tabulation  of  conservation  survey  data  from  the  four  Soil  Conservation 
Districts  which  cover  the  drainage  area  showing  the  distribution  of  the 
main  soil  groups,  according  to  physiographic  area  follows  (table  2)„ 

Table  2  -  Major  soil  groups  in  the  Bosque  River  Basin 


:                                                          ;  Percentage 

Physiographic  area    :            Major  soil  groups   :  of  area 

West  Cross  Timbers        10    Deep,  medium-textured, 

moderately  permeable  £6 

20    Coarse-textured,  permeable  33 

3„    Other  types  11 


Grand  Prairie  10    Deep,  fine- textured,  slowly 

permeable  3$ 

20    Shallow  soils  31 

3e    Shallow  and  stony  26 

he    Other  types  8 


Black  Prairie                10    Deep,  fine -textured,  slowly 

permeable  62 

20    Deep,  fine -textured,  permeable  9 

3o    Shallow  soils  6 

Uo    flLLluvial  llx 

5.    Other  types  9 
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A  study  of  soil  losses  and  soil  decline  in  the  drainage  area  has  been 
made  by  the  Conservation  Survey  Division  of  the  Fort  tforth  Regional 
Office  of  the  Soil  Conservation  Service „    Data  on  soil  erosion  were  assem- 
bled from  experiment  station  records,  land-use  patterns,  and  various 
soil  and  erosion  surveys.    Table  3  shows  a  summary  of  annual  soil  lossa 
or  soil  decline,  factors  as  related  to  sedimentation  in  Lake  Wacoe 
All  data  now  available  indicate  that  the  Black  Prairie  and  cultivated  Grand 
Prairie  areas  contribute  the  greatest  amount  of  sediment  per  unit  area, 
because  of  their  close  proximity  to  the  reservoir,  the  fine  texture  of 
the  sediment,  and  the  relatively  high  rates  of  erosion  in  those  areas c 
Actual  erosion  rates  in  the  entire  basin  range  from  about  ko0  acre-feet 
per  square  mile  annually  in  the  severely  eroded  Black  Prairie  to  about 
1,0  acre-foot  in  the  Grand  Prairie  range  land,  but  only  approximately 
25  percent  of  the  eroded  material  reaches  the  reservoir. 

Land  Use  and  Conservation  Programs 

A  recent  study  of  land  use  in  the  Bosque  River  Basin  above  Lake  Waco  is 
summarized  in  table  h=    These  figures,  from  recent  soil  conservation  dis- 
trict data,  show  that  nine  percent  of  the  total  drainage  area  is  classi- 
fied as  nonfarm  land.    Of  the  farm  land^  \\2  percent  is  cultivated  and 
56  percent  is  open  grassland  or  woodland  pasture e    The  South  Bosque  River 
drainage  area,  which  includes  most  of  the  cultivated  Grand  Prairie 
and  Black  Prairie  within  the  basin,  has  approximately  twice  the  propor- 
tion of  cultivated  land  as  that  in  the  North  Bosque c 

Several  factors  involving  farm  operation  and  economy  have  had  some 
influence  upon  rates  of  erosion  and  sediment  production  during  the  life 
of  Lake  Wacoe    A  reduction  in  cotton  acreage  and  an  increase  in  pasture 
land  have  occurred  since  about  193U  under  the  influence  of  the  various 
agricultural  programs „    It  is  estimated  from  census  and  soil  conservation 
district  data  that  a  total  area  of  about  200,000  acres  (312  square  miles) 
in  the  drainage  area  was  converted  from  clean-tilled  crops  to  pasture 
during  a  lU-year  period*    Since  1930  the  average  size  of  farms  has 
increased  from  198  to  233  acres,  and  since  193U  the  average  income  per 
farm  has  increased  substantially0    in  general  these  factors  promote 
better  care  of  farm  lands,  and  tend  to  reduce  erosion  rates „  Another 
favorable  factor  is  the  decrease  in  tenant  farming  from  hh  percent  of  the 
total  farm  land  in  1930  to  26  percent  in  19h$0    One  unfavorable  factor 
during  the  war  years  was  an  increase  in  cropland  devoted  to  growing  of 
peanuts  in  the  West  Cross  Timbers  beltc    This  area,  however,  is  remote 
from  Lake  Waco^  and  probably  had  little  effect  upon  se dentation  in  the 
reservoir,,    Probably  the  most  important  factor  favorable  to  reduction  of 
erosion  rates  is  the  installation  of  complete  conservation  works  upon 
about  10  percent  of  the  drainage  area.    This  has  been  accomplished  since 
1935  under  the  soil  conservation  district  program0 

METHODS  OF  SURVEY 


Original  Survey 

A  survey  of  Lake  Waco  dam  site  and  shore  line  was  made  prior  to  construc- 
tion of  the  damc    The  estimated  capacity  of  the  lake  from  this  survey 
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Table  h  -  Distribution  of  various  types  of 
land  use  in  19U8  in  the  Bosque  River  Basin 


■ 

Farm  L 

and 

Sub=Area  s 

Extent  s 

Nonfarm 

!  —  

Open 

i  Woodland ;Mis eel la- 

of  areas 

land 

^Cultivated 

-;  grass  land 

j  pasture 

:  neous 

Sq^  mie 

Percent 

Percent 

Percent 

Percent 

Percent 

North  Bosque 

hi 

West  Cross  Timbers 

2  06 

50 

2 

1 

Grand  Prairie 

1,009.3 

9o0 

30 

U8 

20 

2 

Black  Prairie 

19,6 

3.3 

72 

16 

8 

h 

Totals 

isa62o3 

3U 

U8 

16 

2 

South  Bosque 

Grand  Prairie 

336.3 

12,3 

66 

20 

12 

2 

Black  Prairie 

63  a 

10.1 

73 

19 

5 

3 

Totals 

399  J* 

11.9 

67 

20 

11 

2 

Lake  Waco 

U.3 

100,0 

Grand  Totals 

l9666.o 

9,0 

U2 

ia 

15 

2 

was  38i>500  acre-feet  and  the  area  2,700  acres  0     The  lake  area  was  mapped 
at  a  scale  of  2a000  feet  to  the  inch*     Seven  widely  spaced  cross  sections 
of  the  lake  were  originally  established  but  most  of  the  monuments  are  now 
lost  or  destroyedo 

Surveys  of  1935  and  I936 


A  sedimentation  survey  party  of  six  men  under  the  direction  of  Thomas 
L»  Kesler,  party  chiefs  was  sent  to  Waco  early  in  1935  to  make  the  first 
sedimentation  survey  of  Lake  Waco  by  the  Soil  Conservation  Service  a 
Field  work  was  begun  on  January  15  and  completed  late  in  March*     It  was 
decided  that  the  original  shoreline  map  was  on  too  small  a  scale  to  show 
sufficient  detail  and  that  a  new  shoreline  map  should  be  made,     The  origi- 
nal cross  sections  of  the  lake  were  spaced  at  such  great  intervals  that 
they  appeared  to  be  of  little  value  for  a  detailed  sedimentation  survey 8 
hence  they  were  not  included  in  the  range  network  for  the  1935  survey  * 

A  baseline  l4.,200  feet  in  length  was  chained  and  checked  along  the  roadway 
on  top  of  the  dam  for  use  in  establishing  horizontal  control  around  the 
lakec     From  this  line  16  additional  triangulation  stations  were  establish- 
ed by  plane  table  and  telescopic  alidade  *    Using  the  triangulation  stations 
as  control  points  the  shoreline  was  mapped  on  plane  table  sheets  at  a 
scale  of  1,000  feet  to  the  inch.    A  contour  at  elevation  U$2c09  two 
feet  above  crest,  was  also  mapped 3  and  33  sediment  ranges  were  established 
across  the  lake o    Soundings  were  taken  on  the  range  lines  with  a  sounding 


15 


weight  attached  to  a  copper-cored  sounding  line  marked  at  1.0  foot  inter- 
vals „    Measurements  of  sediment  thickness  were  obtained  by  use  of  the 
standard  spud,  or  sediment  measuring  bar  (U).    On  most  ranges  the  posi- 
tion of  the  sounding  or  spudding  was  cut  in  by  intersection  from  a  plane 
t?ble  located  on  a  suitable  cut-in  station.    On  several  ranges  where  the 
lake  was  confined  mainly  to  the  original  river  channel,  locations  of 
measurements  were  obtained  by  reading  stadia  distance  with  a  transit 
set  up  on  one  end  of  the  range.    All  range-ends  and  other  important 
survey  stations  were  marked  permanently  in  the  field  by  iron  pipe  set 
in  concrete,  with  the  top  of  pipe  generally  set  about  0.5  foot  above 
ground. 

Cross  sections  were  plotted  from  the  sounding  and  spudding  notes  showing 
the  profile  of  the  lake  bottom  at  date  of  survey  and  the  original  profile. 
The  areas  enclosed  by  these  cross  sections  at  spillway  level,  and  segment 
areas  between  ranges  were  determined  by  planimetering.    From  these  data 
the  original  capacity  and  sediment  volume  for  all  segments  of  the  reser- 
voir except  the  one  nearest  the  dam  were  determined  by  the  Soil  Conserva- 
tion Service  range  survey  formula  (h) .    The  range  nearest  the  dam 
(range  01  -  02)  appeared  to  be  so  close  to  the  dam  that  it  crossed  areas 
excavated  by  construction.     The  average  original  depth  was  combined 
with  the  average  depth  of  range  03  -  Ok  in  computing  the  original  capacity 
but  the  sediment  measurements  were  disregarded.    The  original  capacity  and 
sediment  volume  of  that  segment  were  computed  by  multiplying  surface  area 
by  average  depths,, 

A  six-man  party  under  the  direction  of  Louis  M.  Glymph,  Jr.,  made  the 
second  survey.    The  field  work  was  done  during  the  period  January  13  to 
February  20,  1936.    Since  a  shoreline  map  had  been  made  in  1935  it  was 
not  necessary  to  remap  the  shore  line  in  1936.    The  ranges  established 
in  1935  were  again  sounded  and  spudded.    Three  additional  ranges  were 
established  and  measured  during  the  1936  survey  to  increase  the  accuracy 
of  volume  measurement.    The  new  range  ends  were  marked  with  iron  pipe  in 
the  same  manner  as  on  the  previous  survey.    Seven  shoreline  ranges  were 
established  for  future  determination  of  the  extent  of  wave  erosion  as  a 
factor  in  sedimentation  of  the  reservoir  (see  figures  5  and  6) 

New  cross  sections  showing  the  original  and  present  profiles  were  plotted 
from  the  1936  field  data  and  the  areas  planimetered.    The  original 
capacity  and  sediment  volume  were  recomputed  by  the  range-survey  formula 
mentioned  previously,  using  the  1936  cross-section  data.    Range  01  -  02 
was  disregarded  in  computing  the  volume  of  the  segment  nearest  the  dam 
in  1936.    Average  depths  on  range  03  -  Oh  were  multiplied  by  the  surface 
area  of  the  segment  to  arrive  at  the  original  capacity  and  sediment  volume 
of  the  segment  because  range  01  -  02  was  too  close  to  the  dame 

Results  of  the  1936  survey  indicated  a  higher  rate  of  capacity  loss  by 
sedimentation  in  the  reservoir  than  that  found  in  1935 »    This  was  probably 
caused  by  the  unusually  heavy  runoff  into  the  lake  which  occurred  between 
the  two  surveys.    Results  of  these  surveys  are  summarized  with  the  19lf? 
survey  results  in  table  6. 
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Fig.  6    Gravel  beach  and  wave-cut  bank  on  North  Bosque  arm, 
Lake  Waco. 
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Resurvey  of  19^7 

During  the  period  November  25  -  December  J>lg  19U7  a  three-man  sedimen- 
tation survey  party  headed  by  Soss  Eo  Rogers e  party  chiefs  and  assisted 
by  three  men  furnished  by  the  city  of  Waco,  made  a  resurvey  of  the  reser- 
voir o    All  ranges  with  the  exception  of  01  -  02,  nearest  the  dam,  were 
sounded c    A  few  sediment  measurements  were  taken  by  spud  for  check  pur- 
poses o    Several  reaches  of  shoreline  were  remapped  where  scour  or  depo- 
sition had  changed  the  location  of  the  crest  contour  since  1936°  la 
additions  small  areas  of  above-crest  sediment  were  mapped  on  the  South 
Bosque  arm  of  the  lakeo     Three  wave-erosion  ranges  established  in  193& 
were  reruno     These  included  numbers  101,  102  and  105°    The  remaining 
wave  ranges  were  inspected  but  not  rerun 9  as  no  bank  erosion  was  evident: 
A  fairly  large  number  of  range  end  markers  could  not  be  located 0  Some 
had  been  washed  out,  others  were  evidently  covered  by  sediment,  and  a 
few  had  been  dug  out  because  they  were  in  fields  or  lawns □    The  locations 
of  the  lost  markers  were  re-established  by  plane  table  and  alidade  from 
adjacent  stations 0    Iron  pipe  with  appropriate  numbers  stamped  thereon 
were  set  at  the  relocated  positions  of  range-ends  029a  0319  033s  035c  036 
039s  OI4.30  0U5  a  05U  and  060o    Ranges  were  extended  back  on  line  from 
relocated  range-ends  010 ,  01+8  and  06l  which  had  been  washed  out£  and 
iron  pipe  markers  were  set  at  the  ends  of  the  extensions  and  marked  60, 
39  and  6l  respectively o    A  chiseled  X  was  made  on  a  concrete  retaining 
wall  on  line  with5  and  23  feet  farther  from  the  lake  shore  than  the 
relocated  position  of  06  in  order  to  avoid  placing  a  marker  on  a  private 
lawn=    A  chiseled  X  was  also  made  on  a  concrete  retaining  wail  in  line 
with;,  and  95  feet  toward  the  lake  shore  from  the  relocated  position  of 
08,  so  that  it  would  not  fall  in  the  fairway  of  a  golf  course ■> 

The  19U7  cross  section  data  were  plotted  on  the  cross  section  sheets 
prepared  for  the  193&  survey,  and  the  present  (19U7)  cross  section  areas 
planimeteredo    Surface  areas  were  replanimetered  for  segments  where  the 
shoreline  had  changed  since  193&0    The  present  capacities  of  most  of  the 
segments  of  the  lake  were  then  computed  by  the  range-survey  formula  used 
in  1936s  by  substituting  present  (19U7)  values  of  surface  area,  cross 
section  area,  and  range  length  into  the  formulae    Standard  procedure  was 
not  followed  in  computing  the  capacities  of  segments  13a  15*  17 «  18,  19a 
28,  to  3U  and  37°    On  those  segments  the  distances  in  feet  between  ranges 
were  measured  along  the  axis  of  the  lake  and  the  values  thus  obtained 
were  substituted  in  the  formula  in  place  of  perpendicular  distances,  to 
solve  for  the  quadrilateral  areas  of  the  segments 0 

Cross  section  areas  and  surface  areas  of  above-crest  sediment  were 
planimetered  and  their  quantities  computed  by  the  range-survey  formula 0 
The  total  quantity  of  above-crest  sediment  measured  was  5U  acre-feet 8  a 
negligible  proportion  of  the  total  sediment  within  the  lake  basino 

In  order  to  obtain  a  distribution  of  capacities  at  various  stages  of 
the  lake,  contour  maps  of  the  lake  bottom  in  1930  (original) s  1936,  and 
19U7S  were  prepared  and  the  capacities  on  these  dates  were  computed  by 
the  contour  methodo    Contours  were  prepared  on  transparencies  of  the 
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lake-shore  map  at  a  2-foot  vertical  interval  from  crest  elevation  (U30 
feet)  to  24-18  feet,  and  at  a  U-foot  vertical  interval  from  ijlB  feet 
elevation  to  the  low  point  in  the  lake0    These  maps,  on  a  scale  of 
1,000  feet  to  the  inch,  were  constructed  by  plotting  on  the  range  lines 
the  contour  elevations  obtained  from  the  field  notes,  and  drawing  inter- 
polated contours  between  ranges,  guided  by  the  configuration  of  the 
spillway  contour0    Contours  were  not  extended  up  the  narrow  channel 
sections  at  the  upper  ends  of  the  lakes  but  were  stopped  at  range 
037  -  038  on  the  North  Bosque  arm  and  range  056  -  057  on  the  South 
Bosque  arm.    Areas  in  these  arms  at  the  various  contour  elevations  were 
computed  on  the  basis  of  their  widths  at  the  ranges  which  they  cut„ 
The  contoured  lake  areas  were  measured  by  planimetering  (figures  22,  23 
and  2U)o 

Volumes  of  the  lake  at  the  various  contour  levels  in  1930,  1936,  and 
19U7  were  calculated  by  the  modified  prismoidal  formula: 

V  =  L  (A  /  /SB  /  B) 

3 

where 

V  =  Original  or  remaining  capacity  in  acre-feetc 
L  =  Contour  interval,  feetc 

A  ~  Area  at  the  lower  contour,  acrese 

B  s  Area  at  the  upper  contour,  acres. 

The  capacity  of  the  lake  at  crest  elevation  computed  by  the  contour 
method  was  smaller  than  that  computed  by  the  range-survey  method  in 
all  casess  on  Lake  v\JacoG    The  results  of  the  range-survey  calculations 
were  adopted  as  the  final  results 0 

The  1930  (original)  capacity  at  crest  elevation  by  the  contour  method  was 
38^309  acre-feet,  or  2e7  percent  less  than  the  capacity  obtained  by  the 
range  method;  the  1936  capacity  by  the  contour  method  was  31,365  acre- 
feet,  007  percent  less  than  by  the  range  method;  and  the  I9I4.7  capacity 
by  the  contour  method  was  20,796  acre-feet,  5<>6  percent  less  than  by  the 
range  method0    The  capacities  at  each  contour  elevation  determined  by 
the  contour  method  were  multiplied  by  the  factor  1.0279  for  the  1930 
lake  stages,  by  lo0071  for  1936,  and  by  lo05915  for  19U7,  to  adjust 
them  proportionally  to  the  capacities  determined  by  the  range  surveye 
The  adjusted  capacities  at  each  contour  elevation  were  as  follows: 
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Table  5  -  Capacity  at  contour  elevations,  Lake  Waco 

(See  figure  7) 


Contour 

1910  (original) 

:  1936 

:  19li7 

Elevation 

:  capacity 

:  capacity 

:  capacity 

Feet 

Acre  -  feet 

Acre  -  feet 

Acre  -  feet 

390 

38.1*2 

- 

- 

39U 

261*.  90 

- 

- 

398 

7l*l*,33 

- 

- 

1*02 

1,611,00 

U.39 

- 

1*06 

2,8UUo3U 

256. 12 

MB 

1*10 

1*,518.35 

1,100.69 

1.71 

1*11* 

7,1*39.52 

3,010.73 

20l*.99 

1*18 

12,507.67 

6,660,01* 

1,2a.  b"l 

1*20 

15,971.20 

9,U96.26 

2,1*66.51 

1*22 

19,923.69 

13,023.90 

I*,65l.l6 

U2U 

2li,198.50 

I6,9li6.99 

7,726.89 

1*26 

28,803.71. 

21,291.05 

11,7UU.U3 

1*28 

33,81*2,1*1* 

26,167.60 

16,570,93 

1*30 

39,377.96 

31,588.00 

22,026,00 

20 
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Curves  showing  the  area  and  capacity  of  the  lake  at  various  stages  were 
constructed  from  these  adjusted  data  and  are  shown  as  figures  7  and  8. 


SEDIMENTATION  IN  THE  RESERVOIR 


Rates  of  Sedimentation 


For  the  study  of  drainage-area  influences  on  sedimentation  in  Lake 
Waco,  the  two  periods,  1930-1936  and  1936-19U7,  have  been  used,  although 
three  complete  sedimentation  surveys  of  the  reservoir  have  been  made* 
The  first  period,  of  5e9  years,  extends  from  April  1930,  -when  storage 
in  the  reservoir  began,  to  February  1936,  the  median  date  of  the  second 
(1936)  survey  (table  6).    The  average  annual  rate  of  capacity  loss  for 
this  period  was  3e35  percent,  or  1,320  acre-feet,  and  this  includes  a 
high  runoff  period  of  12  months  during  which  2,129  acre-feet  of  sediment 
were  deposited  in  the  basinc    The  second  period^  of  11»8  years,  extends 
from  February  1936  to  December  19U7,  the  median  date  of  the  third  surveys 
For  this  period  the  average  annual  rate  of  capacity  loss  was  2e06  percent, 
or  810  acre-feet0    Therefore  the  annual  rate  of  capacity  loss  since  1936, 
as  determined  by  reasonably  accurate  measurements  of  the  deposit,  has  been 
38e6  percent  less  than  during  the  earlier  period  1930-36.    The  total  loss 
of  capacity  during  the  life  of  the  reservoir,  to  19U7,  has  been  Uic07 
percent  or  17,352  acre-feet. 

Table  6  -  Summary  of  sedimentation  data  on  Lake  Waco 

Quantity  Unit 

Age:  1/ 

1930-1935  -  --  --  --  --  --  --  --  -        ko9  Years 

1935-  1936  -  •  ----------         le0  Years 

1936-  19U7  -  --  --  --  --  --  --  --  -       llc8  Years 

1930-19U7  -  --  --  --  --  --  --  --  -       17,7  Years 

Drainage  Area: 

Total  area  2/  ■   1,666  Sq.  miles 

Reservoir: 

Area  at  spillway  stage: 

1930,  1935  and  1936    ---------  2,801  Acres 

191*7  -  -  -  -   297k2  Acres 

Storage  capacity  at  spillway  stage: 

I93O  .  ,  .                 ~  39,378  Acre-feet 

1935  -  -  ---------  33,717  Acre-feet 

1936    -  ,  -  .  -  _  -     31,588  Acre-feet 

19^7  ■  -  -  ~     22,026  Acre-feet 

Capacity  per  square  mile  of  drainage  area  2/ 

1930            23.6U  Acre-feet 

1935  -  .  .  ,  _  .  20o2U  Acre-feet 

1936     18,96  Acre-feet 

19^7  -  _  ,  _  13.22  Acre-feet 
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Table  6  -  Summary  of  sedimentation  data  on  Lake  Waco  ( continued) 

Quantity  Unit 


Sedimentation: 

Total  sediment:  3/ 

1930-1935  ----------------  5,661  Acre-feet 

1935-  1936  -  -  ■  —  -   2,129  Acre-feet 

1936-  19^7  ■   9*562  Acre-feet 

1930-19U7  ----------------  17,352  Acre-feet 

Average  annual  accumulation: 
From  entire  drainage  area: 

1930-1935  ---------------  1,155  Acre-feet 

1935-  1936        ■   2,129  Acre-feet 

1936-  19U7  -  -              ----------  810  Acre -feet 

1930-19U7  ---------------  98O  Acre -feet 

Per  square  mile  of  drainage  area:  h/ 

1930-1935  ---------------  0o695  Acre-feet 

1935-  1936  ---------------  l028l  Acre-feet 

1936-  19U7                                                 -  -  -  0.1*87  Acre-feet 

1930-19U7  ---------------  0.590  Acre-feet 

Per  acre  of  drainage  area:  k/ 
By  volume: 

1930-1935                               ______  ^7,30  Cubic  feet 

1935-  1936   87d9  °ubic  feet 

1936-  1917  -  --  <             -  -  -  ■   33*17  Cubic  feet 

1930-19U7                ______             -  ko o 13  Cubic  feet 

By  weight:  5/ 

1930-1935  --------------  1038  Tons 

1935-1936  -------              _  -  _  -  2.55  Tons 

19:6  -19U7  -  --  --  --  --  --  --  -  0.97  W 

1930-19U7  ■  -_--  1017  Tons 

Sediment  concentration:  6/ 

1930-1935  -------  ______  oo388  Percent 

1935-  1936  -  --  --  --  _-  --  --  --  -  0.1*02  Percent 

1936-  19U7               ■   0.175.  Percent 

1930-19^7  ■   0.233  Percent 

Depletion  of  storage: 

Loss  of  original  capacity: 
Per  year: 

1930-1935   2.93  Percent 

1935-  1936  ------                        -  -  5. hi  Percent 

1936-  19ii7  -  -  -  •  .  _  ,   2.06  Percent 

1930-19147  ■  -  _  .  _  2oh9  Percent 

Total: 

1930-1935   lUo38  Percent 

1935-  1936  -  --  --  --  --  --  --  --  5.10.  Percent 

1936-  191*7  ---------------  21.28  Percent 

1930-191*7  .  -  -  -  .  -  -  l^o07  Percent 


2k 


Table  6  «■  Summary  of  sedimentation  data  on  Lake  Waco  (continued) 

1/    Storage  began  April  193° °    Median  dates  of  surveys s     February,  1935 » 

February,  193&;  ar*d  December,  19U7<- 
2/    Including  area  of  lake<> 

3/    Sediment  volumes  shown  for  193&-19U7  and  193°~19U7  do  not  include 

5U  acre-feet  of  above  crest  sediment  found  on  the  19U7  survey® 
k/    Excluding  area  of  lake© 

]v    Based  on  an  average  dry  weight  of  58°5  pounds  per  cubic  foot  as 

determined  from  9  undisturbed  samples  taken  in  19U7« 
6/    Based  on  estimated  annual  flow  into  Lake  Waco,  Table  10» 


Character  of  the  Sediment 

The  greater  part  of  the  sediment  in  Lake  Waco  basin  is  gray  to  dark  gray 
clay,  with  minor  fractions  of  silt  and  fine  sando    This  deposit  is  almost 
uniformly  f ine -textured ,  loosely  compacted  and  highly  porous  all  over  the 
main  lake  basin  and  both  North  and  South  Bosque  arms  to  range  O3I-O32  and 
O35-036  respectively  (see  Reservoir  Mapsp  figures  22  s  2J> ,  and  2k)  °  The 
tabulation  of  data  on  the  9  samples  of  bottom  sediment ,  taken  December 
31*  19U7  (table  7  and  figure  9)  shows  that  all  samples  except  W8  are  clays o 
Sample  W8  is  an  argillaceous  sand,  obtained  in  shallow  water  near  08,  and 
represents  the  submerged  part  of  a  beach  formed  by  wave  action  on  a  sand 
and  gravel  terrace*     The  sand  is  predominantly  calcareous  and  occurs  in 
varying  proportions  in  the  margin  of  the  reservoir  deposit  around  the 
lower  part  of  the  lake0    These  beaches  within  about  100  feet  of  the  usual 
shore  line  also  contain  coarse  sand  and  limestone  gravel  derived  from  the 
terraces  (figure  6)0    Other  coarse  sand  and  gravel  deposits  have  accumu- 
lated during  floods  in  the  form  of  bars  from  crest  level  to  about  15  feet 
above  it  along  the  impounded  channels  of  both  arms  of  the  lake  above 
ranges  O39-OI4.O  and  056-057°     Relatively  little  of  the  sand  and  gravel 
has  accumulated  below  crest  levels  and  it  has  not  had  a  substantial  effect 
in  reducing  the  capacity  of  the  reservoir • 

Great  quantities  of  vegetal  debris  *  ranging  from  large  logs  to  leaves  and 
twigs,  are  carried  into  Lake  7/aco  by  floods  (figure  10) «    Much  woody 
material  is  interbedded,  in  zones  from  less  than  one  inch  to  several 
inches  in  thickness,  with  clays  and  silts  in  deltas  of  both  North  and 
South  Bosque  arms  o    At  times  the  accumulation  of  driftwood  obstructs  the 
beaches  around  the  main  part  of  the  lake,  and  logs  occasionally  interfere 
with  operation  of  the  Taintor  gates  at  the  spillway 9    No  attempt  was  made 
to  estimate  the  total  quantity  of  woody  debris  in  the  sediment  deposit 
(figure  ll)o 

Laboratory  analyses  of  9  well-distributed  samples  of  bottom  sediment, 
obtained  December  J>18  19kl  (table  7)  show  that  the  dry  weight  per  cubic 
foot  ranges  from  l\2  <>2  to  75*9  pounds,  with  an  average  of  58°5  pounds 0 
This  figure  may  be  slightly  less  than  a  true  average  since  most  of  the 
samples  were  taken  from  the  upper  part  of  the  deposito    The  correct  average 
figure  may  be  as  high  as  60  pounds o    This  is  a  normal  state  of  compaction 
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for  sediment  in  reservoirs  which  have  not  been  drawn  down  to  low  stages 
repeatedly  for  long  periods „    Lake  Waco  water  level  has  been  as  low  as 
eight  feet  below  crest  on  two  occasions  for  one-  to  two-month  periods 
during  repairs  to  the  damc    Its  usual  water  level  is  within  two  to 
three  feet  of  spillway  crest. 

The  distinction  between  the  reservoir  deposits  and  the  pre-lake  valley 
surface  is  good  in  nearly  all  places 0    On  the  submerged  valley  bottom  and 
terraces  the  saturated,  relatively  homogeneous  lake  clays  overlie  dark 
gray  to  black  clay  and  clay-loam  soils c    In  practically  all  places  the 
contact  between  lake  clays  and  soils  was  readily  distinguishable  on  the 
spude    In  the  channels  the  lake  clays  overlie  limestone  gravels ,  calcareous 
sands,  and,  in  a  few  places,  the  compact  Eagle  Ford  shale0 

Distribution  of  the  Sediment 


The  reservoir  is  in  a  fairly  advanced  stage  of  sedimentation,,  and  is 
nearly  50  percent  depleted.    Substantial  thicknesses  of  sediment  occur 
over  the  entire  bottom  except  narrow  shore  zones  scoured  by  wave  action 
and  the  narrow^,  upper  channel  segments  where  flood  currents  cause  inter- 
mittent scour*    Table  8  shows  the  distribution  of  storage  capacity  and 
sediment  volumes  in  the  various  parts  of  the  reservoir  basin  on  two 
survey  dates,  1936  and  19U7.    Figure  12  shows  seven  typical  cross  sections 
of  the  reservoir,, 

In  general  the  sediment  deposit  in  Lake  Waco  has  a  normal  distribution 
for  an  impounding  reservoir  in  which  the  water  level  is  relatively  stable. 
In  1936  the  maximum  sediment  thickness  found  was  22,5  feet^  and  was 
located  in  segment  h  (reservoir  map,  figures  22,  23  and  2U)  beneath  a 
crest-level  water  depth  of  22,5  feetc    During  the  19U7  survey  the  maximum 
thickness  measured  was  33<>5  feet,  in  segment  3>  beneath  a  water  depth  of 
10,3  feet,  indicating  that  the  locus  of  heaviest  deposition  has  moved 
downstream  toward  the  dam0    The  profiles  of  the  channels  and  the  average 
water  depths  on  ranges  in  the  reservoir  originally,  in  1936,  and  in 
19hl  (figures  13,  lii,  15  and  16)  further  illustrate  the  longitudinal 
distribution  of  sedimento    The  common  sediment  thickness  in  the  submerged 
channel  in  the  larger  part  of  the  reservoir,  segments  2,  3,  k  and  20 9 
ranged  from  15  to  22,5  feet  in  1936,  and  from  25.5  to  33*5  feet  in  19U7. 
On  the  submerged  valley  flat  and  terraces  the  usual  thickness  in  this 
part  of  the  lake  was  about  3  feet  in  1936  and  7  feet  in  19U7,  Segments 
1,  2  and  3,  which  had  a  combined  original  capacity  of  20,608  feet,  had 
lost  lUoii  percent  of  their  original  capacity  by  1936  and  39,8  percent  by 
19U7o    The  proportion  of  capacity  lost  by  individual  segments  is  presented 
graphically  in  figure  17, 

During  the  same  11, 8 -year  period  between  surveys  the  maximum  sediment 
thickness  in  segment  37  had  increased  from  15,5  to  25.5  feet,  and  the 
average  thickness  on  the  submerged  flat  and  terraces  had  increased  from 
about  3  to  7  feet.    The  lower  South  Bosque  section,  segments  20,  21,  22^ 
23  and  37,  had  lost  20,2  percent  of  its  capacity  by  1936  and  39  percent 
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Fig.  11    Vegetal  debris  and  sediment  bars  in  North  Bosque  arm  of 
Lake  Waco.    Water  level  6  feet  below  crest. 
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by  19U7.    The  lower  part  of  the  North  Bosque  arm,  segments  I4,  5  and  6, 
and  the  middle  South  Bosque  arm,  segments  2I4,  2$,  26,  27  and  38,  have 
sustained  60  and  6209  percent  capacity  loss  respectively  to  December 
19ii7o    In  these  areas  the  elevation  of  the  top  of  sediment  at  the  channel 
is  higher  in  places  than  on  adjacent  flats,  resembling  submerged  natural 
levtes0    At  the  Highway  67  bridge,  segment  37,  the  channel  is  completely 
filled,  and  flood  currents  now  maintain  a  flat-bottomed,  nearly  rectan- 
gular, section  with  a  10-foot  water  depth. 

Figure  18  shows  the  distribution  of  sediment  in  relation  to  lake  eleva- 
tion,,   To  obtain^these  curves  the  percent  of  total  sediment  below  each 
contour  izL  ±93&  and  19U7  was  plotted  against  the  contour  elevation  in 
feet0     The  volume  of  sediment  within  contour  intervals  is  shown  in 
figure  18C     The  lower  third  of  the  reservoir  (elevation  U02-387)  was 
practically  filled  with  sediment  when  the  1936  survey  was  made  (table  5)e 
At  the  time  of  the  19h7  survey,  I4.7  percent  of  the  sediment  had  been 
deposited  in  the  upper  third  of  the  reservoir  (elevation  i4.3O-l4.l6)  • 
The  middle  third  (elevation  I4I6-I4O2)  contained  I4I4  percent  of  the 
sediment  in  19U7,  and  had  lost.  90  percent  of  its  original  capacity,, 
Obviously  most  of  the  sediment  deposited  in  the  lake  in  the  future  must 
be  laid  down  in  the  upper  third  of  the  reservoir's  depth  or  above  crest, 
(figure  19)o 

Some  deposition  of  sediment  above  crest  level  has  occurred  in  the  form 
of  islands  and  narrow  strips  along  shores  in  segments  26  and  27  of 
the  South  Bosque  arm,  and  segments  8,  9,  10,  35  and  36  of  the  North 
Bosque  arm.    These  areas  also  are  shallow,  marshy,  and  filled  with  water 
plants c    The  channels  are  temporary,  as  alternate  scour  and  fill  occurs0 
Since  these  parts  of  the  lake  are  more  than  50  percent  filled  with 
sediment,  their  future  rate  of  capacity  loss  will  be  somewhat  less  than 
heretofore. 

The  narrow,  ponded,  channel  segments  28-31;  Id  the  South  Bosque  arm  and 
11-19  in  the  North  Bosque  arm  have  sustained  total  reductions  of  ll»5> 
percent  and  17.2  percent  capacity  loss  respectively 0    These  channels 
are  subject  to  alternate  scour  and  fill. 

Irregularities  in  sediment  deposition  have  resulted  in  the  formation 
of  bars  across  both  main  arms  of  the  lake.    In  the  North  Bosque  arm  the 
bar  is  in  the  vicinity  of  Range  08-09,  and  in  the  South  Bosque  arm  it 
is  ne^r  Range  06U-06£o    If  the  lake  were  drawn  down  to  elevation  1+22 
feet  or  below,  the  total  volume  of  water  impounded  behind  the  bars 
would  be  about  326  acre-feet  (December  I9I47),  and  would  not  be  availa- 
ble for  use  without  ditching.    This  volums,  however,  was  not  deducted 
in  computing  19U7  capacity  of  the  reservoir. 

Future  Trends  of  Sedimentation  in  the  Reservoir 

On  the  basis  of  present  data,  a  lower  rate  of  sedimentation  is  predicted 
for  Lake  Waco  for  the  period  19 U8 -1957  than  for  any  previous  period  in 
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the  history  of  the  reservoir 0    The  trends  in  land  use  and  farming 
practices ,  the  continuing  development  of  erosion  controls  which  have 
already  been  installed  on  about  10  percent  of  the  area,  the  probable 
effect  of  an  upland  flood-control  program,  and  the  stage  of  sedimenta- 
tion in  the  reservoir  are  all  influences  which  tend  to  reduce  the  future 
rate  of  capacity  loss.    As  shown  in  table  6,  the  annual  rate  of  loss 
from  1930  to  1936  was  3»35  percent j  from  1936  to  19hl  it  was  2«06 
percent:  and  for  the  total  life  of  the  reservoir  (1930  to  19^7)  it  was 
20k9  percent.    As  the  reservoir  reaches  a  more  advanced  stage  of  sedi- 
mentation, more  sediment  will  be  carried  through  the  spillway.  There- 
fore it  is  predicted  that  the  annual  rate  of  capacity  loss  for  the 
next  10  years  will  be  on  the  order  of  12 „ 5  percent  less  than  for  the 
period  1936-19U7o    For  the  purpose  of  uniformity  in  calculation,  the 
figure  le8  percent  (annual  capacity  loss)  is  used  in  estimating  future 
effects  of  sedimentation  upon  the  municipal  water  supply 0 

Irregularities  of  sediment  deposition  within  the  lake  basin  may 
require  some  changes  from  the  present  program  of  operation  and  mainte- 
nance o    As  the  broad  sediment  bars^  previously  described,  near  range 
08-09  in  the  North  Bosque  arm  and  range  06U-06£  in  the  South  Bosque 
are  built  higher,  the  water  in  upstream  areas  above  them  will  be 
impounded  at  higher  levels  in  case  the  reservoir  is  drawn  down0  It 
is  predicted  that  the  resulting  volume  of  unavailable  storage  will 
increase  from  the  present  figure  of  326  acre-feet  to  about  600  acre- 
feet  some  time  within  the  next  5  to  10  years „    Soon  thereafter  the 
rapid  deposition  of  sediment  in  both  arms  will  fill  the  lower  a  re  as 9 
and  the  remaining  storage  capacity  in  these  areas  will  be  negligible,, 

The  submerged  channels  in  the  broad  part  of  the  reservoir, 
segments  1,  2,  3  and  20,  are  already  completely  filled  with  sediment 
and  future  deposition  will  occur  more  or  less  uniformly  in  all  k 
segments o 

Rapid  decreases  in  water  area  will  occur  as  more  sediment  is 
deposited  near  crest  level  in  segments  6,  79  8,  99  10,  35  and  36  of 
the  North  Bosque  arm  and  segments  2li,  25,  26  and  28  of  the  South 
Bosque  arme 

The  ponded  channels  above  ranges  039-01*0  and  0 56-05 7  will  not  suffer 
substantial  decreases  in  capacity  in  the  near  future c 

Some  increase  in  average  specific  weight  of  the  reservoir  deposit 
will  occur  as  more  sediment  is  deposited  at  and  near  crest,  and  as  the 
thick  sediment  receives  the  weight  of  new  deposits 0    The  average  weight 
per  cubic  foot,  now  58 o 5  to  60  pounds,  however,  is  not  expected  to 
exceed  63  pounds  in  the  next  10  years  unless  the  water  is  drawn  down 
to  low  levels  for  long  periods 0 
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PRECIPITATION  AND  RUNOFF 


Precipitation 

The  average  annual  rainfall  in  the  Lake  Waco  drainage  area  ranges 
from  30  inches  near  Stephenville,  in  the  headwaters  of  the  North  Bosque 
River,  to  35  inches  near  Waco  (10),    Precipitation  normally  is  more 
abundant  during  the  spring  and  fall  seasons ,  and  occasional  short  periods 
of  drought  occur  during  the  summer  season.    The  extremes  in  annual 
rainfall  at  Waco  range  from  a  minimum  of  13  inches  to  a  maximum  of  52 
incheso    Occasional  heavy  rain  storms  cause  high  stream  flows  which 
carry  most  of  the  sediment  into  Lake  Waco0    Storms  producing  as  much 
as  6  inches  of  rainfall  in  one  day  over  substantial  areas  in  the  Bosque 
River  Basin  have  occurred.    Storms  producing  k  to  8  inches  precipitation 
during  a  2-  to  h-day  period  are  not  unusual. 

Total  Water  Flow 

Available  stream-gage  records  provide  only  fragmentary  data  on  stream 
flow  into  the  reservoir.    Furthermore^  accurate  records  of  out- 
flow through  Lake  Waco  spillway  are  not  available.    Estimates  of  annual 
outflow  through  Lake  ^aco  were  made,,  however,  to  provide  a  basis  for 
estimating  the  amount  of  sediment  carried  past  the  spillway  (table  11), 
The  average  annual  outflow  for  the  period  March  1936  to  December  19hl 
was  found  to  be  32  percent  greater  than  for  the  period  April  1930  to 
February  19360    Although  the  volumes  of  inflow  and  outflow  are  not  the 
same  they  are  directly  related,  so  the  inflow  to  Lake  Waco  was  considera- 
bly higher  during  the  second  period  than  during  the  first. 

High  and  Low  Flows 

Studies  of  turbidity  records  of  the  city  filter  plant  show  that  high 
rates  of  flow  usually  transport  a  greater  amount  of  sediment  per 
unit  of  volume  of  water  than  low  rates  of  flowa    In  order  to  determine 
whether  the  higher  rate  of  sedimentation  occurring  in  Lake  Waco  during 
the  period  1930-1936  might  have  been  caused  by  a  greater  number  of 
high  inflows,  an  analysis  was  made  of  the  frequency  of  such  flows  during 
the  life  of  the  lake.    This  study  was  based  on  the  daily  flow  records 
at  the  Clifton  gage,    A  count  was  made  of  the  number  of  days  that  the 
mean  flow  exceeded  1,000  second-feet  for  each  of  the  periods,  and 
further  extended  by  counting  the  number  of  days  in  which  the  mean  flow 
fell  within 'increments  of  1,000  second-feet  in  excess  of  the  minimum 
1,000  second-feet  tabulated.    The  average  number  of  days  per  year  in 
which  flow  exceeded  the  increments  thus  counted  was  then  computed  for 
the  periods  Oct.  1930-Jan.  1936  and  Feb.  1936-Sept.  19U5.    The  results 
are  summarized  in  figure  20, 

The  frequency  of  occurrence  of  high  discharges  has  been  greater 
during  the  second  period  than  during  the  first  period  in  all  cases0 
Likewise  the  average  annual  inflow  was  higher  for  the  second  period. 
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Therefore  the  decrease  in  the  rate  of  sedimentation  during  the  second 
period  must  be  due  to  factors  other  than  the  difference  in  volume  of 
flow  or  the  frequency  of  high  flows. 

Periods  of  low  flowa  when  water  entering  the  lake  is  less  than  the 
amount  being  used  by  the  city  and  being  lost  in  other  ways^  will  ultimate- 
ly cause  a  water  shortage  providing  they  are  of  sufficient  duration,,  Sedi- 
ment in  the  lake,  by  occupying  space  in  which  water  would  otherwise  be 
stored,,  decreases  the  water  supply  available  for  use  during  these  periods 
of  low  flowo    The  continued  accumulation  of  sediment  and  probable  increase 
in  water  requirements  of  the  city  each  year  cause  a  yearly  decrease  in  the 
length  of  period  of  low  flow  which  the  city  could  experience  and  still 
continue  to  use  water  from  the  lake  at  a  normal  rate. 

Analysis  of  the  stream-flow  records  for  the  Bosque  River  show  that 
there  have  been  two  periods  since  1923  of  more  than  six  consecutive  months 
when  the  total  flow  has  been  materially  less  than  the  present  water  use 0 
Table  9  shows  the  estimated  monthly  flow  into  Lake  Waco  for  these  periods. 
The  period  Angus ts  1921*  to  April,  1925*  9  months  in  duration,  has  one  month 
when  inflow  exceeds  the  expected  water  use c    The  period  August >  1939  to 
March  19i*0  has  considerably  less  flow  but  is  only  8  months  long0    The  total 
flow  for  the  first  period  exceeds  the  second  period  by  2,81*2  acre-feet,  an 
amount  nearly  three  times  the  present  monthly  water  use,  so  the  greater 
deficiency  in  flow  occurred  during  the  second  period*, 

Table  9  -  Monthly  discharge  of  Bosque  River 
at  Lake  rtaco  during  periods  of  low  flow* 


Date 

Amount  1/ 

Date 

Amount  2/ 

(Acre=feet) 

(Acre=feet) 

July  1921* 

1,209 

Aug,  1939 

538 

Auge  1921* 

268 

Septo  1939 

32 

Septo  1921* 

U6? 

Oct.  1939 

76 

Octc  192U 

325 

Nov0  1939 

1*92 

Nove  1921* 

1,672 

Beco  1939 

1*71* 

Dec  1921* 

715 

JaiJo  I9I4O 

312 

Jan0  1925 

7U7 

Febo  19hP 

336 

Feb,  1925 

586 

Mar0  191*0 

191* 

Mare  1925 

365 

Apr0  19  1*0 

13,160 

Apr0  1925 

i5i 

May  1925 

16,1*96 

1/  Computed  by  multiplying  recorded  flow  at  Speegleville  by  factor  1„05 
and  multiplying  recorded  flow  at  Clifton  by  lo39a  and  adding  the  two 
together0 

2/    Computed  by  multiplying  recorded  flow  at  Clifton  gage  by  the  factor  2<>00o 


TOTAL  SEDIMENT  LOAD  IN  THE  BOSQUE  RIVER  SYSTEM 
Basis  for  Estimates 

No  program  of  suspended  sediment  sampling  in  conjunction  with  stream 
gaging  has  yet  been  developed  in  the  Bosque  River  Basin*    The  city  filter 
plant;  however,  has  made  visual  turbidity  readings,  at  the  rate  of  one  to 
three  per  day,  on  lake  water  entering  the  plant  since  construction  of  the 
reservoirD    These  turbidity  measurements  have  been  recorded  as  parts  per 
million  by  weight  of  total  water  treated  for  city  usec    Turbidity  readings 
do  not  compare  exactly  with  laboratory  measurements  of  suspended  sediment 
because  of  color  differences ,  degree  of  f  lobulation  and  other  factors,  but 
they  are  used  here  in  conjunction  with  the  survey  data  as  a  basis  for 
estimating  the  total  sediment  load  carried  into  Lake  Waco  including  that 
transported  past  the  dara0 

Accurate  records  of  reservoir  water  levels,  gate  openings  and  water 
flow  past  the  spillway  have  not  been  maintained  uniformly  for  Lake  Waco? 
but  the  records  for  some  periods  are  sufficiently  complete  to  permit 
calculations  of  discharge  from  the  reservoir  in  relation  to  rainfall  in 
the  drainage  area0    Therefore  the  rainfall  records  (10)  from  four  well- 
distributed  stations  at  McGregor,  Clifton,  Dublin  and  Hico  (f igQ  U)  were 
used  to  calculate  runoff  caused  by  all  storms  of  consequence  (total  122) 
during  the  life  of  the  reservoir 0    Individual  hydrographs  were  prepared 
by  E„  Fe  Carmichael*  for  17  storms  of  all  magnitudes  which  occurred  at 
dstes  when  records  on  overflow  from  Lake  Waco  were  availablec    Two  curves 
were  plotted  showing  the  relationship  between  rainfall  in  the  drainage 
area  and  overflow  from  the  spillway  -  one  for  high  runoff  caused  by 
storms  of  higher  intensity-  the  other  for  lower  runoff  caused  by  storms 
of  lower  intensity,,    It  was  determined  that  storms  causing  less  than 
Ool  inch  average  runoff  normally  produced  little  or  no  overflow,,  On 
this  basis  the  remaining  storms  (time  and  depth  of  precipitation)  were 
plotted  upon  the  curves,  using  weighted  rainfall  for  the  entire  basin5 
and  total  flow  over  the  spillway  was  obtained  from  the  curves „    It  was 
found  that  base  flow  of  the  North  and  South  Bosque  Rivers  between  storm 
periods  normally  does  not  cause  flow  over  the  spillway c    These  methods 
were  the  only  feasible  means  of  estimating  monthly,  annual  and  total  flow 
through  Lake  Waco0 

To  obtain  estimates  of  sediment  carried  past  Lake  Waco  spillway,  the 
average  turbidity  of  water  entering  the  filter  plantfl  in  parts  per 
million,  was  applied  to  the  total  flow  from  the  reservoir  during  each 
storm  periodo    Since  the  intake  for  city  water  is  near  the  spillway,  and 
the  tower  intake  is  not  greatly  different  in  elevation  from  the  gate 
openings,  it  is  believed  that  a  reasonable  estimate  of  total  sediment 


*Hydrologis t,  Water  Conservation  Division,  Soil  Conservation  Service, 
Fort  Worth,  Texas 
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was  obtainedo    Also  density  currents  in  Lake  Waco  are  probably  negligible 
because  most  storms  produce  considerable. turbulence  and  turbidity  in  the 
reservoir  even  near  the  dara„    It  was  found  that  water  pumped  into  the 
filter  plant  during  quiet  periods  between  storms  generally  contained  from 
hO  to  60  parts  per  million  suspended  solids 0    During  such  periods ,  when 
water  used  by  the  city  constitutes  the  only  outflow  from  the  reservoir  ^ 
the  amount  of  sediment  carried  past  the  dam  is  negligible 0    During  periods 
of  3  to  h  months  duration  between  rainstorms,  usually  less  than  0oU  acre= 
foot  of  sediment  enters  the  filter  plant. 

Table  10  shows  a  summary  by  years  of  total  water  flow  and  total  sediment 
load  at  Lake  Waco  for  the  period  April  1930  through  December  19U7o 
The  data  in  table  10  are  not  comparable  in  accuracy  to  records  based 
upon  reliable  stream  gaging  and  suspended  sediment  sampling,  but 
the  authors  believe  that  the  proper  relationships  between  sediment 
deposited  in  the  reservoir,  suspended  sediment  carried  past  the  spill- 
way,  and  conditions  in  the  drainage  area  are  shown 0    Sediment  deposited 
in  the  reservoir  is  listed  en  an  annual  basis  for  the  periods  between 
surveys,  and  hence  does  not  reflect  the  effect  of  variations  in  rainfall, 
and  runoff^  and  drainage=area  conditions  year  by  yeare    The  deposit  of 
one  year's  period  (1935-36)  was  accurately  measured,  however,  as  the 
interval  between  the  1935  and  1936  surveys  was  approximately  one  year© 
It  was  a  year  of  unusually  high  rainfall,  however,  and  therefore  not 
typical,,    All  figures  on  sediment  quantity  in  the  table  are  in  acre-feet 
on  the  basis  of  58 <>5  pounds  per  cubic  foot,  the  average  dry  weight  of  the 
samples  taken  in  19^7  o    This  figure  may  be  slightly  low  because  existing 
equipment  prevented  sampling  the  deeper  sediment  in  the  thickest  parts  of 
the  deposits 

Total  Sediment  Deposits  and  Suspended  Sediment 

Comparison  of  the  two  periods  summarized  in  table  10  indicates  the 
trends  in  sediment  output  from  the  drainage  area  since  construction  of 
Lake  Waco,    The  summary  shows  that  the  average  annual  number  of  storms 
causing  flow  over  the  spillway  was  7  during  the  period  1930  to  1936  and 
9  during  the  period  1936  to  19u7o    The  average  annual  water  discharge 
during  the  first  period  was  37lis000  acre-feet  and  during  the  second 
period  was  li9li,000  acre-feet  (35  percent  greater)  0    let  the  quantity  of 
sediment  carried  annually  past  the  spillway  was  only  11  percent  greater 
during  the  second  period  and  the  annual  volume  of  the  deposition  in  the 
reservoir  basin  was  39  percent  less0    According  tc  this  summary  the 
average  annual  rate  of  sediment  contribution  from  the  drainage  area  was 
1.0  acre-foot  per  square  mile  from  1930  to  1936  and  0<>7  acre»foot  from 
1936  to  19U7o    The  trap  efficiency  of  the  reservoir  to  the  date  of  the 
19U7  survey  was  approximately  71  percent,, 

CAUSES  OF  THE  HIGH  RATES  0?  SEDIMENTATION 

The  chief  cause  of  the  high  rate  of  capacity  loss  by  sedimentation 

is  the  excessive  size  of  the  drainage  area  as  compared  to  the  original 
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Table  10 .    Summary  of  total  sediment  load 
in  the  Bosque  River  System 
June  1930  -  December  19 1*7 


:  No.  of  : 

:  Sediment: 

Sediment  i 

■A 

:  Average 

:  storms  : 

Water 

:  carried  : 

deposited 

:  Total 

:  annuax 

Year 

:  causing  : 

flow 

:  past  : 

in 

:  sediment 

:  output  per 

:  flow  over: 

from 

;  the 

lake 

:  for 

:  sq.mi.  of 

:  spillway  : 

lake 

:  dam  : 

:  year 

:  drainage 

Ac. ft. 

ACcfto  1/ 

Ac. ft.  1/ 

Ac. Tt.  1/ 

Ac. ft.  y 

1930 


(Apr-Dec) 

6 

120,500 

210 

867 

1077 

1931 

3 

55,000 

7 

1155 

1162 

1932 

9 

517,000 

191 

1155 

13l*9 

1933 

7 

336,200 

181 

1155 

1336 

193U 

7 

265,500 

238 

1155 

1393 

1935-36 

12 

612,800 

897 

2303 

3200 

Summary 

ill* 

Apr.'30-Feb'36 

2,207,000 

1727  Total 

7790 

9517 

Annual  • 

Average  s 

7 

371,000 

293 

1320 

1613 

1936  (Mar-Dec) 

6 

655,000 

380 

652 

1032 

1937 

10 

1*12,1*00 

127 

810 

937 

1938 

6 

327,600 
277,1*00 

137 

810 

91*7 

1939 

5 

191* 

810 

1001* 

19l0 

9 

1*1*5,000 

155 

810 

1265 

19l4l 

11 

703,100 

82li,l50 

1*02 

810 

1212 

19U2 

11 

563 

810 

1373 

19U3 

5 

91, 200 

582, Uoo 

5 

810 

815 

11 

687 

810 

11*97 

1915 

11 

523,700 

266 

810 

1076 

1916  3/ 

8 

1*91*,  000 

327 

810 

1137 

191*7  3/ 

9 

1*91*,  000 

327 

810 

1137 

Summary 

1936-U7 

102 

5,830,000 

3870 

Totals  9562 

13,1*32 

Annual 

Averages 

9 

1*91*,  000 

328 

810 

1,138 

1/    On  the  basis  of  58.5  lbs,  per  cubic  foot  as  determined  from  9  samples  in 
191*7. 

2/    Annual  averages  between  surveys. 

2/    Hydrologic  data  not  available.    Sediment  carried  past  dam  is  an  average 
of  the  rate  for  the  period  1936=1;5. 


capacity  of  the  reservoir  (23*6  acre-feet  per  square  mile,  see  table  6)e 
Thus  the  average  annual  volume  of  water  flowing  through  the  reservoir 
is  many  times  that  necessary  to  provide  adequate  water  supply,  and  sedi- 
raent  eroded  from  the  excessively  large  drainage  area  is  causing  a  high 
rate  of  capacity  loss* 

Furthermore,  on  the  basis  of  soil  erosion  surveys  made  by  the  Soil 
Conservation  Service^  it  is  estimated  that  about  80  percent  of  the 
sediment  contributed  to  the  reservoir  originates  in  800  square  miles  of 
the  drainage  area  (about  5>0  percent)  which  lies  nearest  to  the  reservoir* 
This  area  includes  all  of  the  highest  sediment-  producing  areas»  namely 
the  cultivated  Grand  Prairie  and  the  Black  Prairie ,  except  the  West  Cross 
Timbers „ 

WATER  CONSUMPTION  FROM  LAKE  WACO 


Past  History 

In  1931?  when  water  from  Lake  Waco  was  first  used  for  the  entire 
year?  a  total  of  1^1*09  million  gallons  were  pumped  to  the  city  for  all 
uses,,    Until  1936^  yearly  water  use  fluctuated  above  and  below  this 
amount,  with  no  trend  toward  an  increase „    Water  use  increased  sharply 
in  1936  and  again  in  193 7 $  when  ls829  million  gallons  were  used,  follow- 
ed by  another  period  of  several  years  when  water  use  remained  about  the 
same „    In  191*2,,  the  first  full  year  of  World  War  II,,  water  use  increased 
sharply,  and  this  rate  of  increase  has  continued  with  no  evidence  of 
slacking  off  through  19ii8„    In  19k6?  tface  used  2,620  million  gallons  of 
water^  nearly  double  the  amount  required  in  1931<>    Figure  21  shows  the 
amount  of  water  pumped  to  the  city  by  months  from  June,  1930  to  December^ 
19U8 0    These  data  are  also  presented  in  table  11  with  monthly  and  annual 
increases  in  water  pumped  for  the  over-all  period  of  record  and  for  the 
period  19Ul=19i$  0    The  average  annual  increase  in  water  pumped  from  1931 
to  19U8  has  been  360o9  acre-feet  compared  to  an  annual  increase  of  7^0  <,  7 
acre=feet  from  19Ul  to  19l8e 

Future  Use 

It  seems  likely  that  industrial  expansion  and  increases  in  population 
will  continue  in  Waco  at  a  relatively  high  rate  while  the  present 
economic  conditions  prevail*    In  case  of  an  economic  depression  industrial 
and  domestic  use  would  probably  decline 0    If  full- scale  war  should 
develop,  the  increase  in  water  use  could  easily  be  greater  than  that 
which  occurred  from  19^1  to  19U80    Since  the  occurrence  of  either  a 
depression  or  another  full=scale  war  is  speculative,  it  is  estimated 
that  normal  substantial  growth  of  business,  industry  and  population 
will  occur,, 

The  maximum  rather  than  the  minimum  probable  water  needs  of  Waco 
should  be  assured  if  its  industrial  and  residential  growth  is  to  be 
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ANNUAL  WATER  USE  FROM  LAKE  WACO 
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Figure  21. 

MONTHLY  AND  ANNUAL  WATER  USE 
LAKE  WACO.TEXAS. 

(FROM  PUMPING  RECORDS  OF  WACO  CITY  WATER  DEPARTMENT.) 
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unhampered,,    Thus  the  larger  increase  in  water  use  from  19iil  to  I9I48 
(7UOo7  acre-feet  per  year)  was  anticipated,,    This  increase  should  be 
sufficient  to  allow  for  the  city's  normal  growthe    Estimates  of  monthly 
and  annual  water  use  to  19i?8  are  shown  in  table  12, 

EFFECTS  OF  SEDIMENTATION  ON  FUTURE  WATER  ECONOMY 


Basis  of  Analysis 

One  of  the  objectives  of  this  investigation  has  been  to  determine  the 
future  date  at  which  the  increase  in  the  city's  water  requirements  and  the 
decrease  in  reservoir  capacity  by  sedimentation  would  require  the  impound- 
ment  of  additional  water c    In  making  this  estimate  the  following  assump- 
tions were  made; 

10    The  annual  rate  of  capacity  loss  in  Lake  Waco,  in  the  future,  due 
to  sedimentation  will  be  lc8  percent  or  689  acre~feet.    This  reduction  in 
future  rate  as  compared  to  the  average  is  explained  in  an  earlier  paragraph 
under  "Future  Trends  of  Sedimentation  in  the  Reservoirew 

20    The  annual  and  monthly  use  of  water  from  Lake  Waco  will  be  as 
shown  in  table  12  0 

3o    The  amount  ef  water  ponded  behind  sediment  bars  and  not  readily 
available  for  use  by  the  city  will  increase e    The  19^7  survey  showed  326 
acre-feet  of  water  was  then  blocked  off  by  sediment  bars,  an  amount  equiva- 
lent to  18  aere-feet  per  year  since  water  storage  began  in  1930 „  Since 
little  or  no  ponding  should  have  occurred  during  the  early  life  of  the 
reservoir  it  is  estimated  that  the  future  loss  from  ponding  will  be  higher 
than  the  191*7  average,  or  about  30  acre-feet  per  year0 

lie    A  period  of  deficient  stream  flow  at  least  equal  to  the  greatest 
recorded  deficiency  and  occurring  at  the  same  time  of  year  (see  table  9) 
might  be  experienced  at  any  future  date  0    The  total  flow  into  Lake  Waco 
for  the  period  of  greatest  recorded  deficiency,  from  August,  1939  to 
March  19k09  was  2,li5k  acre-feet „ 

5o    Evaporation  from  the  lake's  surface  amounts  to  several  inches 
each  montho    The  nearest  place  where  usable  evaporation  data  are  readily 
available  is  the  Blackland  Conservation  Experiment  Station  at  Temple, 
Texas,  about  35>  miles  southwest  of  Lake  Waco.    At  this  station  records 
of  evaporation  from  a  free  water  surface  have  been  obtained  since  1915* 
They  show  the  average  evaporation  from  1915>  to  19U.  to  be  5>9o6£  inches 
annually  (6)e    The  average  evaporation  for  the  8-month  period  -  August 
to  March  -  amounted  to  32e63  inches 0 

Evaporation  is  usually  measured  from  a  circular  land  pan  6  feet  in 
diameter  and  2  feet  deep  which  is  partially  sunk  into  the  ground,,    It  is 
commonly  accepted  that  land  pans  have  a  higher  annual  rate  of  evaporation 
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than  large  bodies  of  water.    Comparisons  reported  by  Rowher  (9)  indicate 
that  a  factor  of  0.92  applied  to  land-pan  evaporation  will  give  the  most 
probable  rate  of  evaporation  from  a  large  surface  of  water.    On  this 
basis,  the  evaporation  from  Lake  Waco  for  the  assumed  period  of  deficient 
flow  will  be  about  30  inches c 

Comparison  of  the  capacity  and  area  curves  for  the  lake  (figures  7  and 
8)  shows  that  half  the  capacity  lies  above  elevation  1*27,  and  the  area 
at  elevation  k27  is  about  2,200  acres 0    Thus  the  average  area  exposed 
during  drawdown  will  be  2,200  acres  and  evaporation  from  the  lake  during 
the  period  of  deficient  stream  flow  will  amount  to  f>,500  acre-feet. 

6.    Rainfall  for  the  period  of  deficient  stream  flow,  August  1939  to 
March  19li0,  amounted  to  13«5  inches  at  the  Waco  gage  according  to  Weather 
Bureau  records 0    It  has  been  assumed  that  this  amount  will  fall  on  Lake 
Waco  during  the  period  of  analysis,  adding  2,U20  acre -feet  of  water  to  the 
available  supply e 

70    A  number  of  minor  factors  which  tend  to  compensate  are  omitted 
because  they  cannot  readily  be  computed  and  the  accuracy  of  the  analysis 
would  not  be  increased  by  their  inclusion.    These  ares 

(a)  The  gain  in  water  resulting  from  sediment  compaction 
during  the  period  of  analysis.    Some  water  will  be 
released  from  the  sediment  as  it  is  exposed  and 
compacted  but  the  volume  will  be  small e 

(b)  Bank  storage  will  yield  an  unknown  quantity  of  water 
which  should  likewise  be  small, 

(c)  Some  losses  will  occur  through  the  dam  and  outlet  works. 
The  amount  lost  might  easily  equal  the  gain  from  sediment 
compaction  and  bank  storage  sources 0 

(d)  The  small  amount  of  sediment  which  would  be  deposited 
in  the  lake  during  the  period  of  analysis  has  been 
disre garde d0 

Results  of  Analysis 

Based  on  the  above  assumptions,  analyses  of  the  reservoir  performance 
at  various  future  dates  were  made.    The  results  are  presented  in  the 
following  table: 
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Table  13  -  Predicted  effect  of  sedimentation  on  operation 
of  Lake  Waco  during  a  critical  drought  period,, 


"P        A  A  r*  +o  s\    r\C3        rt/^    /-\  -P 

r  i  c cii c  ots u  pt;  I  _L*JU.  OX 

Uc±  lUlciiU  11UW 

Augc  1959  to  : 

Ma  rrh  1 Q6f)  0 

Aug.  I960  to 

Marrh 

Acre-feet  1/ 

Acre-feet  1/ 

Storage  capacity  at  spillway 

/  13,965 

^  13,276 

Inflow  during  period 

/  2,U5l 

/  2,U5U 

Rainfall  on  lake's  surface 

£  2,U20 

/  2,1*20 

Water  pumped  to  city 

-  11,725 

-  12,170 

Evaporation  from  lake  surface 

-  5,5oo 

-  5,500 

Unavailable  storage  (ponded) 

667 

697 

Net  volume  remaining  at  end  of  period  /  937 

217 

1/   Figures  preceded  by  a  plus  represent  volumes  on  hand  or  becoming 

available  during  periodo  Figures  preceded  by  a  minus  represent  volumes 
removed  or  unavailable  during  period,  


Table  13  show3  that  if  the  predicted  minimum  inflow  should  start  in  August, 

1959  the  reservoir  would  have  937  acre-feet  of  usable  water  remaining 

at  the  end  of  the  period,  or  enough  to  meet  normal  demands  for  about 

two  weeks0  '  If  it  should  occur  one  year  later  the  lake's  storage  capacity 

would  be  217  acre-feet  too  small  to  meet  the  city's  needs, 

The  period  covered,  from  August  to  March,  includes  only  one  month  of 
relatively  high  water  use  (see  table  11) 0    In  192U  a  low  flow  period  of 
nearly  as  great  deficiency  started  in  July,  another  month  of  high  water 
consumption,,    The  next  period  of  deficient  flow  might  readily  start  in 
July  also,  in  which  case  practically  all  the  water  would  be  used  from 
the  lake  during  a  drought  occurring  in  1959-60 0    Furthermore,  evaporation 
losses  are  especially  large  in  dry  years  when  low  inflow  would  occur,  so 
the  estimated  loss  from  evaporation  based  on  average  rates  is  conservative0 
Therefore,  it  is  concluded  that  provision  to  overcome  a  serious  potential 
lack  of  water  should  be  made  by  1959  at  the  latest,,    Since  engineering 
site  studies  and  construction  of  storage  facilities  would  require  several 
years  time,  such  work  should  be  started  in  1956  or  1957 o 
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FOSSIBLE  REMEDIAL  MEASUBES 

It  seems  obvious  that  most  of  the  ordinary  means  of  maintaining  or 
increasing  the  capacity  of  the  present  Lake  Waco  would  have  little  effect. 
Since  the  reservoir  has  already  lost  nearly  50  percent  of  its  original 
capacity  and  probably  would  fail  to  supply  the  water  requirements  of  the 
city,  if  a  drought  equal  to  the  maximum  should  occur  as  early  as  I960, 
any  increase  in  its  capacity  would  have  to  be  accomplished  within  the  next 
few  years-, 

Fossible  solutions  of  the  water  supply  problem  fall  into  three  categories: 
(1)  measures  to  preserve  the  remaining  capacity  of  Lake  Waco  and  extend  its 
useful  life;  (2)  development  of  larger  storage  facilities  on  the  Bosque 
River;  and  (3)  additional  water  supply  from  sources  other  than  the  Bosque 
Eiver0 

Maintenance  of  the  Capacity  of  Lake  aiaco 

Several  methods  of  reducing  rates  of  sedimentation,  thus  prolonging 

the  life  of  a  reservoir  basin,  may  be  considered,,    The  most  common  methods 

are  listed  below0 

Sediment  Detention  Basins „    Any  detention  basins  designed  to  impound 
sediment  before  it  reaches  the  main  basin  of  Lake  Waco  probably  would  have 
to  be  located  upstream  from  the  main  reservoir  on  one  or  both  of  the  main 
tributary  streams,  the  North  or  South  Bosquec    Considering  the  topography 
of  the  valley  and  the  volume  of  incoming  sediment ,  relatively  large  struc- 
tures would  be  required  to  impound  any  appreciable  volume  of  sedimente 
Lake  aaco  itself  has  a  disproportionately  small  capacity  in  relation  to 
drainage  area  and  subsidiary  basins  would  have  a  much  more  unfavorable 
ratio*    It  is  believed  that  any  such  structures  would  be  impractical  con- 
sidering their  cost  and  short  lifeQ 

Vegetative  Screens .    Although  sedimentation  in  the  basins  of  some 
reservoirs  has  been  retarded  by  vegetative  growth  around  their  headwaters, 
this  procedure  appears  to  be  ill-suited  to  the  conditions  of  Lake  iacof 
Certain  grasses,  willows  or  shrubs  could  be  established  in  the  headwaters 
areas  of  the  North  and  South  Bosque  arms,  but  the  capacities  of  those 
segments  of  the  reservoir  are  already  more  than  75  percent  depletedo 
Therefore,  any  additional  deposition  caused  by  vegetative  screens  in  those 
areas  would  be  temporary 0 

Sluicinge    The  possibilities  for  sluicing  any  appreciable  quantity 
of  sediment  through  the  Lake  Waco  dam  are  almost  negligible8  jAlthough 
the  dam  was  designed  and  built  with  large  gates  at  low  level  for  the 
purpose  of  by-passing  some  sediment,  attempts  to  operate  these  gates 
have  not  been  successful.    On  one  or  two  occasions  when  they  were  opened^ 
great  difficulty  was  experienced  in  closing  them  before  a  large  propor- 
tion of  lake  water  had  been  drained.    Also,  the  broad  flat  basin  of  the  lake 
i3  unfavorable  to  sluicing  operations,,    Even  if  the  sluice  gates  could  be 
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operated  effectively,  most  of  the  water  in  the  reservoir  would  have  to  be 
drained  in  order  to  remove  any  significant  quantity  of  sediment,,  This 
procedure  is  not  feasible  in  Lake  Waco  because  the  reservoir  has  practi- 
cally no  excess  capacity. 

Dredging,    Continuous  dredging  of  sediment  from  Lake  Waco  would 
require ' constant  operation  of  at  least  a  12-inch  pipeline  dredgec  In 
order  to  maintain  existing  capacity  about  1,000  acre-feet  of  sediment 
would  need  to  be  removed  annually,,    From  experience  in  other  dredging 
operations,  such  as  that  at  White  Rock  Lake  at  Dallas ,  it  has  been  found 
that  construction  and  operation  of  a  12 -inch  pipeline  dredge  would  cost 
about  $200^000  annually.    Aside  from  this  high  cost  the  problem  of  dispo- 
sal   of  the  sediment  would  be  extremely  difficult.    Only  limited  quantities 
could  be  disposed  around  the  shore  line,  and  the  bulk  of  the  discharge  then 
must  be  released  below  the  dam.    This  quantity  of  sediment  continually  dis- 
charged into  the  river  channel  below  the  dam  would  cause  high  turbidity  in 
the  lower  Bosque  River  channel  and  even  in  the  Brazos  River  below  the  junc- 
tion. 

Erosion  Control  in  the  Drainage  Area.    The  average  rate  of  sediment 
output  per  square  mile  in  the  Bosque  River  drainage  area  has  ranged  from 
about  1.0  to  0.7  acre-feet  per  square  mile  annually.    The  progress  of 
erosion-control  treatment^  land-use  changes  and  other  factors,  as  explain- 
ed in  foregoing  sections,  has  been  sufficient  to  cause  a  decline  of  more 
than  35  percent  in  the  rate  of  sediment  production  since  about  1935c  This 
factor  is  believed  to  be  very  promising  for  the  Bosque  River  drainage  area^ 
especially  if  accelerated  programs  of  erosion  control  and  water-flow  retarda- 
tion such  as  those  proposed  in  the  recent  U.S.D.A.-SCS  Flood  Control  Reports 
are  developed  (2,  3)»    Lake  Waco,  however,  is  in  such  an  advanced  stage  of 
sedimentation  that  the  long-time  results  of  soil  conservation  and  erosion 
control  measures  will  not  have  an  appreciable  effect  before  the  useful  life 
of  the  reservoir  is  terminated,,    If  another  water-supply  reservoir  is  built 
in  the  lower  Bosque  River  basin  this  would  be  a  factor  of  primary  importance. 

Development  of  Additional  Water  Storage  before  I960, 

In  considering  the  development  of  additional  water  supply  for  Waco  three 
primary  considerations  appears     (l)    development  of  additional  capacity 
in  Lake  Waco;  (2)  the  construction  of  additional  impounded  storage  above 
or  below  the  present  reservoir;  (3)  the  development  of  other  sources. 

Raising  Lake  Waco  Dam.    The  present  Lake  Waco  dam  probably  could 
not  be  raised  substantially  because  of  the  relatively  flat  topography  of 
the  valley  terrace  adjacent  to  the  north  end  of  the  dam. 

Development  of  New  Reservoir  Storage  Upstream.    Detailed  surveys  have 
not  been  made  of  all  possible  sites  upstream  from  Lake  Waco.    Some  possi- 
bilities for  substantial  storage,  however <>  have  been  observed.    At  least 
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two  possible  sites  for  reservoirs  exist  in  the  North  Bosque  River  valley 
above  and  below  Valley  Mills „    At  least  one  of  these  sites  has  been 
investigated  by  the  Corps  of  Engineers.    This  site  is  approximately  V~> 
valley  miles  above  Lake  Waco  but  detailed  data  on  cost,  capacity  and 
problems  of  construction  are  not  available e    If  other  solutions  to  the 
"Waco  water  supply  problem  are  not  considered  practical,  some  upstream 
sites  should  be  investigated,. 

Development  of  New  Storage  Below  Lake  aaco,,    Surveys  have  been 
made  and  a  new  multipurpose  reservoir  proposed  by  the  Corps  of  Engineers 
at  a  site  about  one-fourth  mile  below  Lake  Waco  dam«    The  proposed 
structure  would  extend  between  high  bluffs  and  would  impound  a  large 
reservoir  which  would  completely  submerge  the  present  Lake  Wacoc  Pre- 
liminary data  indicate  that  a  dam  in  this  locality  would  impound  a 
reservoir  having  an  area  of  nearly  19,000  acres,  a  conservation  pool 
capacity  of  170,000  acre-feet  and  a  total  capacity  of  658^000  acre-feete 
If  the  conservation  pool  should  be  used  for  the  city  of  Waco  water  supply, 
it  would  provide  ample  water  storage  for  nearly  200  years a    From  the 
sedimentation  survey  data  on  Lake  A'aco  it  is  predicted  that  the  quantity 
of  sediment  transported  into  the  proposed  reservoir  basin  would  be  about 
1,000  acre-feet  annually*    It  is  estimated  that  about  90  to  95  percent  of 
the  sediment  would  be  deposited  and  10  percent  carried  over  the  spillway, 
This  assumption  is  reasonable  since  the  present  Lake  Waco  now  bypasses 
over  its  dam  29  percent  of  the  sediment  carried  into  ite    The  proposed 
reservoir  would  have  in  its  permanent  pool  approximately  five  times  the 
original  capacity  of  Lake  Waco„    Then  at  the  present  rate  of  sediment 
contribution  about  900  acre-feet  of  storage  would  be  lost  annually. 
Such  a  reservoir  would  have  a  much  more  favorable  ratio  of  original 
capacity  to  drainage  area.    In  addition  to  water  supply  it  would  provide 
protection  from  floods  in  the  Bosque  River  valley  below  the  dam  and  in  a 
segment  of  the  Brazos  River  valleyc 

Development  of  other  water  sources „    Two  sources  of  water  outside  the 
Bosque  -^iver  drainage  area  offer  some  possibilities  at  least  for  emergency 
use  as  water  supply,,    Both  have  been  used  before  as  indicated  in  foregoing 
sections  of  this  reports,    One  source  is  the  Brazos  River  which  was  used  as 
the  principal  water  supply  for  Waco  for  some  years 0    Its  disadvantages  were 
a  high  content  of  dissolved  salts  and  unreliability  of  flow  during  dry 
seasonSo    Some  improvement  in  both  respects  may  result  from  the  operation 
of  large  new  reservoirs  recently  built  on  the  Brazos  River  upstream,. 

The  other  source  is  ground  water^  which  also  provided  the  main  munici- 
pal water  supply  for  a  period  of  years.    Four  deep  wells  which 
furnished  the  supply  before  construction  of  Lake  Waco  were  pumped 
sufficiently  to  reduce  the  water  level  seriously.    The  Trinity  and 
Paluxy  sands  are  a  well  known  ground-water  resource  in  the  Waco  area 
and  many  private  wells,  some  for  industrial  plants,  still  pump  water 
from  these  aquifers.    It  is  believed  that  heavy  pumping  for  city  water 
supply  would  seriously  deplete  the  water  reserves  in  these  formations. 
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SUMMARY 

The  principal  conclusions  of  this  investigation  are  as  follows; 

10    Three  detailed  surveys  of  sedimentation  in  the  reservoir  have  been 
made0    The  first  survey^  made  in  1935*  showed  an  original  capacity  when  the 
dam  was  built  (1930)  of  39,378  acre-feet  and  an  area  of  2,801  acres.  In 
1936  the  second  survey  showed  that  5.itf-  percent  of  the  capacity  had  been 
replaced  by  sediment  in  one  year.    This  was  a  year  of  exceptionally  high 
runoff  and  was  not  typical  of  the  long-time  average  sedimentation  ratec 
The  19V7  survey  showed  that  IkoOl  percent  of  the  original  capacity  had 
been  replaced  by  sediment  during  the  life  of  the  reservoir^  1930-19^7,  at 
an  average  rate  of  2.1*9  percent  annually.    The  annual  rate  of  capacity 
loss  has  decreased  during  the  life  of  the  reservoir  from  2093  percent 
(1930-1935)  to  2o06  percent  (1936-19U7) o    Studies  of  turbidity  of  water 
passing  the  dam  in  conjunction  with  measurements  of  reservoir  deposits 
show  that  71  percent  of  the  sediment  transported  to  the  reservoir  is 
deposited  and  29  percent  passes  the  dam0 

2C    The  high  rate  of  capacity  loss  is  due  to  two  principal  factors; 
(l)  the  small  original  capacity  of  the  reservoir  as  compared  to  area  of 
drainage  (23C6U  acre-feet  per  square  mile);  (2)  a  relatively  high  rate  of 
sediment  contribution  from  the  drainage  areac 

3o    The  reservoir  survey  and  studies  of  turbidity  in  water  passing 
the  dam  indicate  that  the  average  annual  quantity  of  sediment  carried 
into  the  reservoir  is  1,138  acre  »feet0    Since  the  rate  of  sediment  output 
is  de  dining ,  predictions  of  future  average  annual  total  sediment  load 
are  based  on  a  1,000-acre-foot  average  annual  contribution  as  shown  by 
these  studieso    The  average  rate  of  sediment  contribution  from  the  drainage 
area  has  declined  from  Io0  to  0o7  acre-foot  annually  during  the  life  of 
the  reservoir o    This  decline  of  more  than  35  percent  in  rate  of  sediment 
contribution  to  the  reservoir  is  due  to  the  installation  of ' conservation 
farming  methods  on  more  than  10  percent  of  the  drainage  area  and  substan- 
tial improvements  in  land  use. 

li.    As  a  result  of  studies  of  population  growth  and  increase  in 
municipal  water  use  in  comparison  with  rates  of  capacity  loss  in  the 
reservoir ,  predictions  have  been  made  of  dates  at  which  the  reservoir 
would  fail  to  supply  sufficient  water  during  a  critical  period.    It  is 
predicted  that  if  a  period  of  deficient  stream  flow,  similar  to  those 
which  occurred  in  192li-1925  and  1939-19^0,  should  occur  as  early  as 
I960,  the  reservoir  capacity  would  be  insufficient  to  supply  the  water 
demand o    The  hazard  of  possible  water  deficiency  will  become  greater  if 
new  water  supplies  are  not  constructed  by  I960.    This  study  does  not 
consider  the  problems  of  water  filtration  and  distributionc 

5.    The  best  possibilities  for  increasing  the  available  water 
supply  have  been  considered,,    All  of  these  possibilities  need  further 
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study  before  final  development.    Some  deep  well  development  could 
supply  additional  water.    Emergency  use  of  Brazos  River  water  might 
be  considered.    The  proposed  Corps  of  Engineers  reservoir  immediately 
below  the  present  Lake  Waco  dam  is  considered  to  be  the  best  long- 
time solution  of  the  water  supply  problem  for  the  growing  city  of 
Waco.    Other  reservoir  sites  upstream  from  Lake  Waco  might  oe  eon- 
sideredo 
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